Investing  in  the  Stoeli  Market  • CbmptiF^  Oraphics 


Before  you  buy  a 
microcompuier, 
think  about  service. 


At  The  Computer  Mart,  we  back  you  with  a 
fully  staffed  and  equipped  service  department. 
Trained  and  experienced  in  microcomputers. 

We  even  have  our  own  ’Computer  Docta' 
ready  to  diagnose  and  cure  computer  problems. 

We  believe  service  is  an  important  part  of  a 
sale.  In  fact,  our  service  starts  befae  you  buy 
We  do  our  own  assembly  of  kits  and  systems. 
Then  our  technicians  inspect  and  test  each. 
Most  important,  we're  there  to  help  you  in 
selecting  the  right  microcomputer  for  your 
needs.  There  to  answer  questions  about  com- 
patibility, hardware,  peripherals,  software  and 
specific  applications.  Whether  your  micro- 
computer is  fa  personal  use  or  fa  business. 
Like  word  processing,  control,  simulation  or 
data  acquisition.  When  you  have  a question, 
we  even  have  a special  phone  number  to 
call  (714)  633-4634.  Fa  prompt  answers. 

At  The  Computer  Mart,  our  service  starts 
before  you  buy  So,  stop  in  or  call  today 
Even  if  it's  only  to  ask  a question. 


THE  COMPUTER  MART 

633  West  Katella  Avenue,  Orange 
California  92667,  (714)  633-1222 
Hours  Monday- Friday  10:00-8:00 
Saturday  10:00-5:30 

BankAmericard  and  Mastercharge  Accepted,  Leasing  Available. 

At  The  Computer  Mart,  we  do 

more  than  just  sell  computers. 

For  professional  advice  before  choosing  your  system,  call  The  Computer  Doctor. 


) SELECTERM  s . . . . 

TheSELECTRIC  II*  Printer 

you  can  TRUST 


BECAUSE . . ■ After  extensive  engineering  design  and  testing  by  Micro 
Computer  Devices,  IBM  Corporation  has  approved  the  SELECTERM  for  use  with 
your  microcomputer,  and  provides  you  with  their  factory  warranty  and  yearly 
service  agreement  for  the  typewriter.  In  addition,  the  electronics  conversion 
portion  is  fully  warranteed  by  Micro  Computer  Devices. 


BECAUSE . . ■ You  can  connect  the  SELECTERM  to  your  computer  within 
minutes  of  taking  it  out  of  the  carton. 

IT’S  THAT  EASY!  AND  THAT  RELIABLE! 


FEATURES 

■ Complete  ASCII  character  set 
in  supplied  element. 

■ Full  upper,  lower  case  alpha- 
numeric characters. 

■ Tab  Command,  Index  (verti- 
cal tab),  Backspace,  Bell— all 
under  computer  control. 

■ Parallel  Interface,  standard. 

ALL  ELECTRONICS  INCLUDED 

■ Power  supply,  electronics  and 
cable  sets  included  to  permit 
immediate  connection  to  the 
parallel  port  of  any  computer, 
at  standard  TTL  level. 

SOFTWARE 

■ All  necessary  conversion  soft- 
ware in  PROM  to  handle 
ASCII  input,  directly. 


PRINTER  or  TYPEWRITER 

■ May  be  used  as  a standard 
typewriter  when  not  in  use 
with  your  computer. 

OPTIONS 

■ Dual  Pitch,  $100 

■ Correction  Feature,  $100 

■ Tractor  Feed  Platen,  $250 

■ Noise  Reduction  Feature,  $40 

AVAILABLE  SOON 

■ RS-232  Interface 


PRICE  and  DELIVERY 

■ Assembled  and  tested,  $1650 

■ Available  ONLY  from  author- 
ized dealers. 

■ Delivery  1 to  2 weeks  from 
receipt  of  order. 


micro 
computer 
devices 

inc. 

960  E.  Orangethorpe,  Bldg.  F 
Anaheim,  California  92801 
Telephone  (714)  992*2270 


♦Registered  trademark  of  IBM  Corporation 


^'Innovators  to  the  Microcomputer  Industry”^ 
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THE  COMPUTER  FACTORY 
NOW  OPEN  TO  SERVE  YOU  BETTER 

Yes!  It's  hard  to  believe.  The  PET,  a full-fledged  personal  comput- 
er by  Commodore. 

What  do  you  get?  Full  ASCII  keyboard,  9 inch  CRT  and  tape 
cassette  all  in  one  light-weight  unit.  Fully-programmable  in  BASIC 
(20%  faster  than  most  other  BASICs). 

14K  ROM  (Read  Only  Memory).  4K  or  8K  RAM  (Random 
Access  Memory),  RAM  expandable  to  32K.  PET's  very  own  graphic 
instruction  set. 

For  HOME/OFFICE/GAMES 
All  for  just  $595  (4K)  or  $795  (8K). 

Portable,  Affordable,  and  Unbelievable. 


ONLY 

$595 


Apple  II  is  a completely  self-contained  computer  system,  with  Basic 
in  ROM,  full  ASCII  keyboard  in  a lightweight  molded  carrying  case.  4K 
RAM  expandable  to  48K.  But  there's  more. 

Programming  in  1 5 living  colors.  Apple  M's  unique  color  graphic  com- 
mands allow  you  to  create  imaginative  color  displays.  Play  pre-recorded 
paddle  games  — or  invent  you  own. 

Apple  II  — the  personal  computer  with  color. 


8K 

List  price:  $1391.75 

Sale  price:  $995.00 

16K 

List  price:  $1698.00 

Sale  price:  $1295.00 

Must  act  now!  — sale  ends  soon 

Save  $400 

The  $5,995  DP  Center 
IMSAI’sVDP-80 

The  Video  Data  Processor  — a complete  computer,  intel- 
legent  terminal  and  megabyte  floppy  disk  mass  storage  sys- 
tem. All  in  one  compact  cabinet.  For  just  $5995.  A com- 
plete desk  top  DP  Center.  Choose  your  own  printer  and 
get  up  to  300  lines  per  minute. 

Write  or  visit  us  at  The  Computer  Factory  and  learn  how 
you  can  utilize  the  VDP-80  in  your  own  small  or  large  busi- 
ness applications. 


NOW  AVAILABLE!  1 1 StreetWare™  from  National  Corporate  Sciences,  Inc. 

The  complete  cassette  library  of  financial  programs  for  the  Commodore  PET  Computers. 

• Securities  Analysis  • Mortgage 

• Options  Analysis  • Annual  Report  Analyzer 

• Bonds  • Checkbook  Management 

Send  for  more  information. 


THE  COMPUTER  FACTORY 

790  MADISON  AVENUE,  NEW  YORK,  NY  10021 
(212)  249-1666  or  (212)  PET  2001  T-F  10-6  Sat.  10-4 
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LAUNCHING  PAD 

BEWITCHED,  BOTHERED  AND  BEWILDERED? 41 

Choosing  your  first  computer  can  be  confusing.  But  by  keeping  these  few  basic 
ideas  in  mind  the  process  can  be  much  simpler,  by  William  Miller 

BEGINNER’S  GUIDE  TO  COMPUTER  JARGON 55 

If  you’re  having  trouble  grasping  basic  computer  terminology,  these  simple  ex- 
planations should  help,  by  John  T.  Shen 

PART  II:  SCALING  THE  CLIFFS  TO  COMPUTER  MASTERY 69 

This  half  of  our  introduction  to  small  computers  takes  you  further  into  the  micro- 
computer world,  by  Raymond  Howell 

PROGRAMMING  HANG-UPS 92 

Everyone  encounters  these  problems  at  one  time  or  another  when  working  with 
their  personal  computer,  by  Russ  Walter 


ON  THE  LIGHTER  SIDE 

TECHNOLOGY  AND  THE  TIMES:  COMPUTER  GRAPHICS 41 

In  the  past,  computer  graphics  served  architects,  engineers,  and  the  aerospace 
industry;  now  they  are  stepping  into  the  entertainment  world,  by  Nessa  Sweet 
and  Vicky  OHara 

PLAY  STAR  WARS 53 

You’ve  all  seen  the  movie  (at  least  once)  — now  it’s  time  to  battle  the  forces 
of  evil  yourself,  by  Jerry  Self 

BUILDING  YOUR  BASIC  ROBOT 54 

This  self-taught  tinkerer  not  only  built  his  own  robot,  but  he  programmed  it 
using  BASIC,  by  Sam  Newhouse 

TOUCHING  DOWN  ON:  COMPUTER  FOOTBALL 80 

The  Super  Bowl  may  be  over,  but  with  this  program  you  can  have  a game  in 
your  living  room  any  Sunday,  by  Joe  Roehrig 


IN  THE  MONEY 

A PLUNGE  INTO  THE  STOCK  MARKET 36 

Here’s  a few  insights  on  investing  in  the  stock  market  — without  losing  your  shirt. 
by  Tom  Munnecke 

THIS  IS  THE  HOUSE  THAT  LESS  BUILT 66 

With  this  Lemonade  Estimating  and  Scheduling  Service  you  can  evaluate  the 
cost  and  profits  involved  in  refurbishing  a house,  by  Reginald  Gates 


Cover  illustration 
by  Nancy  Lawrence 


DEPARTMENTS 


FEEDBACK 7 

INPUT/OUTPUT 8 

RANDOM  ACCESS 11 

PC  INTERVIEW 21 


DIGGING  IN 

MICROHISTORY 30 

Where,  how  and  when  did  it  all  start?  Here’s  a look  at  the  beginnings  of  micro- 
computers. by  Rodney  Zaks 

BIG  MEMORIES  FOR  MICROS 44 

Finally,  a comprehensive  comparative  chart  of  what’s  available  in  16K  and  above 
random  access  memory  (RAM),  by  Chip  A.  Tyeti 

COMPUTERS  IN  DEVELOPING  NATIONS:  A CAUTIONARY  TALE 87 

Obstacles  have  to  be  overcome  before  computers  can  function  fully  in  develop- 
ing nations. 
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Rich  Man,  Poor  Man,  Merchant,  Physician, 

Teacher,  Lawyer,  Sbujent,  Musician.... 


There’s  M1C01VI  Floppy  Disk 
System  for  Evetyone! 


More  Uses 

People  from  every  walk  of  life  are 
adding  iCOM®  Floppy  Disks  to  their 
microcomputers  for  such  diverse 
tasks  as  payroll,  inventory  control, 
mailing  lists,  game  playing,  record 
keeping,  parts  ordering  . . . 

We’ve  uncovered  some  innovative 
applications,  too:  The  sailboat  architect 
who  puts  equations  and  algorithms  on 
an  iCOM  disk  to  test  his  nautical 
theories ; the  student  who  has  auto- 
mated a bowling  alley ; the  iCOM 
dealer  who  designed  an  environmental 
control  system  for  a university. 

More  Speed 

These  users  have  found  iCOM 
floppies  to  be  much  faster  and  more 
versatile  than  cassette  or  paper  tape. 
With  iCOM, 
programs  can 
be  loaded  in 
seconds:  files 
updated  in 
minutes; 
hundreds  of 
programs  can 
be  stored  on  1 
a single  disk. 


More  Models 

iCOM  has  Frugal  Floppies™,  Dual 
Floppies,  Microfloppies™  (using  the 
new  5^/4”  diskette),  and  other  new 
approaches  to  floppy  disk  systems. 
Each  is  hardware  and  software 
compatible  with  Altair™,  IMSAI,  Poly 
88,  Sol-20  and  other  microcomputers 
using  the  Altair  S-100  bus  format. 


More  Software 

Then  there’s  iCOM’s  famous 
software:  Powerful  field-proven 
FDOS-II  with  macro-assembler,  string- 
oriented  text  editor,  and  file  manager. 
Plus  easy-to-use  compatible  8K  Disk 


BASIC.  Each  with  super  features  such 
as : named  variable  length  files,  auto- 
file create,  open  and  close,  multiple 
merge  and  delete  . . . and  more. 


More  Backup 

We’ve  been  building  floppies  for 
microcomputers  for  more  than  3 years. 
Long  before  the  rest.  Thousands  of 
systems  are  operating  perfectly  in  the 
field.  And  we’re  part  of  Pertec 
Computer  Corporation,  one  of  the 
largest  manufacturers  of  peripherals, 
microsystems,  data  entry  products 
and  data  processing  systems.  We’ll  be 
around  whenever  you  need  us. 


More  Dealers 

Maybe  not  in  quantity,  but  in  quality. 
We’ve  chosen  our  dealer  network 
carefully  to  assure  you  of  assistance 
every  step  of  the  way.  Our  prices  are 
right.  Our  delivery  is 
fast.  Our  dealers  are 
experienced  and 
knowledgeable. 


Must  Reading 

Our  free  booklet, 
“What  a Floppy  Disk 
Can  Do  for  You’’ 
is  must  reading. 
Send  for  yours  today 
or  visit  your  dealer. 


©1977,  Pertec  Computer  Corporation 


miCROPERIPHERflLS 


6741  Variel  Ave.,  Canoga  Park,  CA  91303  U.S.A. 
Tel. (213)  348-1391  TWX  910-494-2788 


a division  of  Pertec  Computer  Corporation 


Personal 

Computing 

FEBRUARY  1978  VOL.  II,  NO.  2 


Publisher/Editor 
Harold  G.  Buchbinder 

Editorial  Staff 
Harry  S her  show 
Jeff  Spirer 
Ellen  Stein 
Donald  Wood 

Art  Director 
Jane  Higgins 

Art  Staff 
Rene  Stawicki 
Michael  Barisano 
Richard  Sarno 

Editorial  Production 
E.  Storm 
Sarah  Jewler 

Advertising  Production 
Joe  Ingram 
Merrie  Buchbinder 

Composition 
Nancy  Aldrich 
Sally  Anderson 
Paul  Cioto 

Circulation 
Regina  Harrington 
Joe  Gillis 

General  Administration 
Jonna  Yager 
Esther  Shershow 
Marion  Pearlman 
Sarah  Binder 
Marjorie  Morse 
Charles  Vigilante 


Subscription  rates.  U.S.:  1 year  (12  issues) 
$14;  2 years  (24  issues)  $26;  3 years  (36  is- 
sues) $38.  Canada  & Mexico:  add  $4/year 
for  surface  mail,  $8/year  for  airmail.  In  Ja- 
pan/Asia: Personal  Computing,  CO  Maga- 
zine, 11-8,  Narita-Higashi  1-Chome,  Sugi- 
nami-KU,  Tokyo  166,  Japan.  All  other 
countries:  add  $8/year  for  surface  mail, 
$36/year  for  airmail.  Send  subscription  or- 
ders and  changes  of  address  to:  Circulation, 
Personal  Computing,  1050  Commonwealth 
Ave.,  Boston,  MA  02215.  Back  issues.  U.S.: 
$2.  Canada  & Mexico:  $3.  All  other  coun- 
tries: $5. 

Publisher.  Published  monthly  by  BenwiU 
Publishing  Corp.:  Harold  G.  Buchbinder, 
Chairman  of  the  Board;  George  Palken,  Pres- 
ident; Esther  Shershow,  Treasurer.  Execu- 
tive, Editorial  and  Subscription  Offices: 
1050  Commonwealth  Ave.,  Boston,  MA 
02215.  Controlled  Circulation  postage  paid 
at  Long  Prairie,  MN.  Membership  in  Audit 
Bureau  of  Circulation  pending. 


Therms  an  iCOM 
for  Eveiyone 
at  these 

Computer  Stores... 


ALABAMA 

Computerland 
Huntsville 
(205)  539-1200 


ARIZONA 

Byte  Shop  of  Arizona 
Tempe 

(602)  894-1129 

CALIFORNIA 
Byte  Shop 
Computer  Store 
San  Rafael 
(415)  457-9311 

Byte  Shop 
Fresno 

(209)  485-2417 

Byte  Shop  Computer 
Store  of  Diablo  Valley 
Walnut 

(415)  993-6252 

Computerland 
of  Hayward 
Hayward 
(415)  538-8080 

Computerland  of 
Saddleback  Valley 
Mission  Viejo 
(714)  770-0131 

Computerland 
of  San  Diego 
San  Diego 
(714)  560-9912 

Computerland  of 

SanTustin 

Tustin 

(714)  544-0542 

Computerland 
of  West  L.A. 

Inglewood 
(213)  776-8080 

The  Computer  Room 
San  Jose 
(408)  226-8384 

Byte  Shop 
Computer  Store 
Santa  Clara 
(408)  249-4221 

Byte  Shop 
Computer  Store 
Santa  Barbara 
(805)  966-2538 

Byte  Shop  III 
of  San  Jose 
San  Jose 
(408)  377-4685 

Byte  Shop 
of  Thousand  Oaks 
Thousand  Oaks 
(805)  497-9595 

Tech-Mart 
Tarzana 
(213)  344-0153 

Byte  Shop  of  Tarzana 

Tarzana 

(213)  343-3919 

Byte  Shop  of  Pasadena 

Pasadena 

(213)  684-3311 


Byte  Shop  of  Lawndale 

Lawndale 

(213)  371-2421 

Byte  Shop 
of  Westminster 
Westminster 
(714)  894-9131 

Orange  County 
Computer  Center 
Costa  Mesa 
(714)  646-0221 

The  Computer  Mart 

Orange 

(714)  633-1222 

Byte  Shop  of  San  Diego 
San  Diego 
(714)  565-8008 

Byte  Shop  of  Hayward 

Hayward 

(415)  537-2983 

Micro  Computer  Center 

Anaheim 

(714)  527-8080 

COLORADO 
Prime  Radix 
Denver 

(303)  573-5942 

Byte  Shop 
Boulder 
(303)  449-6233 

FLORIDA 

Byte  Shop  of  Miami 

Miami 

(305)  264-2983 

Byte  Shop 
of  Ft.  Lauderdale 
Ft.  Lauderdale 
(305)  561-2983 

HAWAII 

Capacity,  Inc. 

Maui 

(808)  575-2930 

ILLINOIS 

The  Itty  Bitty  Machine 
Company 
Evanston 
(312)  328-6800 

Bits  and  Bytes 
Computer  Store 
Posen 

(312)  389-7112 

Computerland 
of  Arlington  Heights 
Arlington  Heights 
(312)  255-6488 

Littipute  Computer  Mart 
Skokie 

(312)  674-1383 

The  Numbers  Racket 
Champaign 
(217)  352-5435 

Champaign  Computer 
Company 
Champaign 
(217)  359-5883 

INDIANA 

Byte  Shop 
The  Data  Group  Inc. 
Indianapolis 
(317)  842-2983 


KENTUCKY 
Cybertronics 
Louisville 
(502)  499-1551 

Computerland 
of  Louisville 
Louisville 
(502)  425-8308 

LOUISIANA 
Southern 
Electronics,  Inc. 
Shreveport 
(318)  222-8795 

Computer  Shoppe.  Inc. 

Metairie 

(504)  454-6600 

MARYLAND 

The  Computer 
Workshop,  Inc. 
Rockville 
(301)  468-0455 

Computerland 
of  Rockville 
Rockville 
(301)  948-7676 

MASSACHUSETTS 

Computer  Mart.  Inc. 

Waltham 

(617)  899-4540 

Computer-Warehouse 

Boston 

(617)  261-2700 


MICHIGAN 
General  Computer 
Troy 

(313)  362-0022 

Computer  Mart 
Royal  Oak 
(313)  576-0900 

MINNESOTA 

Microprogramming,  Inc. 

Burnsville 

(612)  894-3510 

Computer  Depot 
Minneapolis 
(612)  927-5601 

NORTH  CAROLINA 

Digital  Dynamics 
Corporation 
Charlotte 
(704)  374-1527 

NEW  HAMPSHIRE 
Computer  Mart  of 
New  Hampshire 
Nashua 

(603)  883-2386 

NEW  JERSEY 
Computer  Mart  of 
New  Jersey 
Iselin 

(201)  283-0600 
Computerland 
of  Morristown 
Morristown 
(201)  539-4077 


NEW  YORK 
Synchro  Sound 
Enterprises 
Hollis 

(212)  468-7067 

Computerland 
of  Tonawanda 
Tonawanda 
(716)  836-6511 

Computerland  of  Ithaca 
Ithaca 

(607)  277-4888 

Computer  Shoppe 
Middle  Island 
(516)  732-4446 

PENNSYLVANIA 
Byte  Shop  of 
Philadelphia 
Brynmawr 
(215)  525-7712 

Personal  Computer 

Corporation 

Frazer 

(215)  647-8463 

SOUTH  CAROLINA 
Carolina  Computers 
Columbia 
(803)  798-7524 

TEXAS 

Micro  Store  (0010) 
Arlington 
(817)  461-6081 

Microstore 
Richardson 
(214)  231-1096 

Microtex,  Inc. 

Houston 
(713)  780-7477 

Electrotex 
Houston 
(713)  526-3456 

Computer  World 
Arlington 
(817)  469-1502 

Computer 
Terminal  Store 
El  Paso 
(915)  532-1777 

Computer  Shop 
San  Antonio 
(512)  828-0553 

The  KA  Computer  Store 
Dallas 

(214)  634-7870 

WISCONSIN 
Madison 
Computer  Store 
Madison 

(608)  255-5552 

CANADA 

Computer  Mart  Ltd 
Toronto,  Ontario 
(416)  484-9708 

Computer  Place 
Toronto,  Ontario 
(416)  598-0262 
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Now,  Artec  has 

an  expandable  ekphant 

for  everyone! 


8K-32Kof  static  RAM  memory.  Fully  assembled  or  in  kit  form. 


No  matter  what  your  needs,  Artec  has  a 
memory  board  for  you.  You  can  start  with  8K 
of  Tl  4044  memory  on  a 5.3"  x 10"  card  and 
work  your  way  up  to  a full  32K  in  8K 
increments.  The  access  time  is  only  250ns. 
The  memory  is  addressable  in  4K  blocks 
and  Is  perfect  for  SI  00  and  battery  aug- 
mented systems.  The  Artec  32K  Expand- 
able Memory  has  four  regulator  positions, 
bank  select  and  plenty  of  room  for  all 
necessary  support  hardware.  It  uses  less 
than  1 amp  per  8K  of  memory  (3.9  for  32K), 
and  only  +8  volts. 

For  five  years  Artec  craftsmanship  and 
reliability  has  been  proven  in  tough  industrial 
use.  Now,  you  too  can  enjoy  breadboards 
and  memories  that  will  work  time  after  time. 
Send  for  an  Artec  board,  your  order  will  be 
sent  the  same  day  as  received. 


Kit:  Board  & Fully  Assembled  Board: 

8K  of  memory — $ 290.00  8K — $ 440.00 
8K  add  on  kits-$  255.00  16K-$  695.00 

Full  32K  board— $1,055.00  24K— $1,100.00 

32K— $1,205.00 


GP1 00— $20.00 

Maximum  design 
versatility  along  with 
standard  address 
decoding  and  buffer- 
ing for  SI  00  sys- 
tems. Room  for  32 
uncommitted  16  pin 
IC’s,  5 bus  buffer  & 
decoding  chips,  1 
DIP  address  select 
switch,  a 5 volt  reg- 
ulator and  more.  High 
quality  FR4  epoxy. 

All  holes  plated 
through.  Reflowed 
solder  circuitry. 

WW1 00— $20.00 

A wire  wrap  bread- 
board, similar  to  the 
GP100.  Allows  wire 
wrap  of  all  sizes  of 
sockets  in  any  sizes 
of  sockets  in  any  com- 
bination.  An  extra 
regulator  position  for  multiple  voltage  appli- 
cations. Contact  finger  pads  arranged 
for  easy  pin  insertion. 

Buffering  Kit— $12.65 

All  the  necessary  components  to  bootstrap 
any  Artec  board  into  your  system.  Buffering 
I/O,  DIP  switch  heat  sinks  and  every  support 
chip  you  need. 


TO  ORDER:  Use  your  Mastercharge  or 
BankAmericard.  Or  just  send  along  a money 
order.  We  can  accept  only  U.S.  currency. 
Please  include  $3  handling  on  all  orders. 
California  residents  add  6.0%  sales  tax. 

FOR  MORE  iNFORMATION:  For  more  in- 
formation about  these  or  any  of  Artec’s  com- 
plete line  of  circuit  boards  or  for  either  indus- 
trial or  personal  use,  please  call  or  write.  A 
catalog  will  gladly  be  sent. 


I Please  send  me:  (Include  Quantity) 

I 32K  GP100  WW100 

[ □ I’ve  enclosed  a money  order. 

I □ Mastercharge  No. 

I Exp.  Date 

I □ BankAmericard  No. 

I Exp.  Date 

I Name 

* Address  

I City State Zip 

I Calif.  Res.  add  6%  Sales  Tax  $3.00  Handling  Enel. 
10%  discount  for  students  & computer  club  members. 


aecTRoma,  inc 

605  Old  County  Rd.,San  Carlos,  CA  94070 

(415)  592-2740 


CIRCLE  7 


FEEDBACK 


Loops  structtire 

Dear  Editors, 

Your  readers  may  be  interested  to 
know  that  the  “Towers  of  Hanoi” 
game  is  rather  more  structured  than 
might  appear  from  the  flow-charts  in 
your  article  on  “Loops”  in  the  July/ 
August  issue. 

The  moves  are  predetermined  pre- 
cisely by  the  binary  counting  system, 
and  can  perhaps  best  be  illustrated  by 
a simple  example  based  on  three  disks. 
The  numbers  in  the  column  headings, 
viz  1,2,4  and  so  on,  are  allocated  to 
the  disks,  commencing  with  the  small- 
est; higher  numbers  being  allocated  to 
progressively  larger  disks.  Note  too 
that  a leftward  arrow  signifies  a move 
clockwise,  and  a rightward  arrow  a 
move  counter-clockwise. 

Moves  are  made  on  a 0-to-l  transi- 
tion between  rows.  The  first  move. 


Move  No.  0 1 2 3 4 5 6 7 

4 

0 0 0 0 1 1 1 1 

— ► 2 

0 0 1 l'^  0 1 1 

^ 1 

0 10  1 0 10  1 

vjt 

therefore,  takes  disk  #1  one  peg  clock- 
wise. Move  #2  takes  disk  #2  one  peg 
ANTI-clockwise;  move  3 takes  disk 
#1  yet  another  peg  clockwise,  while 
move  4 requires  that  disk  #4  be  moved, 
also  clockwise.  Move  5 is  clockwise 
too  (disk  #1). 

It  will  be  seen  that  disk  #1  always 
moves  clockwise,  disk  #2  always  anti- 
clockwise, and  so  in  alternating  fashion 
for  as  many  disks  as  required,  a move 
only  being  made  if  there  is  a 0-to-l 
transition  in  that  disk’s  column  in  go- 
ing from  one  move  to  the  next. 

However,  rather  than  depending  on 
0-to-l  transitions,  it  is  easier  to  deter- 
mine the  disk  number  by  merely  shift- 
ing-right into  the  carry  (or  link)  bit, 
and  checking  for  a ‘1.’  At  the  fourth 
move,  for  instance,  a ‘1’  would  be  de- 
tected on  the  third  shift,  indicating 
that  the  third  largest  disk  (#4)  would 
be  the  one  to  move,  and  as  the  number 
of  shifts  is  odd  the  move  would  be 
clockwise.  This  is  very  much  easier 


than  comparing  with  the  previous 
move  number  and  checking  for  a 0- 
to-1  transition  in  a particular  bit-po- 
sition. 

It  goes  without  saying,  I think,  that 
additional  disks  would  bear  the  num- 
bers 8,  16,  32  and  so  on,  although  this 
sequence  could  now  be  changed  to  the 
decimal  sequence  1,  2,  3, 4 ...  in  order 
to  relate  to  the  number  of  shifts  neces- 
sary to  set  a ‘1’  into  the  carry-bit. 

R.  Jones 

Abbotsford,  B.C.,  Canada 

Let’s  hear  it 
for  tiny  APL? 

Dear  Editors: 

I happened  to  see  the  “Let’s  Improve 
BASIC”  article  in  March/April  ’77  issue. 

My  reaction  was,  let’s  replace  BASIC 
with  APL.  APL  like  BASIC  , is  easy  to 
learn.  It  is  self  teaching.  Unlike  BASIC, 
APL  remains  interesting  to  the  user  and 
the  power  of  APL  allows  a user  to  go 
so  much  farther  and  faster  than  BASIC. 

BASIC  is  a simplification  of  the  IF, 
THEN,  ELSE  languages  such  as  ALGOL, 
PL/I  and  PASCAL.  They  are  based  on 
a stock  machine  which  does  one  thing 
at  a time  and  is  therefore  limited  in 
power.  Recursion  is  it’s  only  strength. 

APL  also  supports  recursion  but  its 
greatest  power  is  in  its  handling  of  ar- 
rays, an  array  machine  can  take  advan- 
tage of  parallism.  It  can  do  many 


things  at  a time.  APL  is  concise.  Rela- 
tively few  keystrokes  will  solve  a prob- 
lem. APL  never  leaves  one  in  doubt 
about  operator  precedence  as  almost 
all  other  languages  do.  It  follows  the 
same  procedure  as  our  positional  arabic 
number  system  in  its  handling  of  opera- 
tors. That  is,  it  takes  operators  strictly 
right  to  left,  just  as  we  take  digits  when 
we  add  or  substract  numbers. 

Both  APL  and  BASIC  have  been 
limited  in  the  past  in  their  I/O  cap- 
abilities but  with  IBM’s  shared  variables 
and  Burrough’s  extended  formatting 
APL  now  matches  most  other  languages. 

I suppose  APL  would  take  more 
memory  than  BASIC,  however,  I don’t 
see  why  a “tiny  APL”  could  not  be 
written  just  as  was  tiny  BASIC.  Any- 
way, I believe  memories  for  micros  will 
grow  larger  and  cheaper  in  time. 

W.H.  Daily 
Albuquerque,  NM 

Oops! 

Editors: 

I noted  a couple  of  errors  in  your  Zilog 
instruction  set  table  (Sept/Oct  1977). 

The  opcode  for  CP  L should  be  BD  in- 
stead of  BC.  Also,  the  opcodes  (77  and 
7E)  for  indirect  load  and  store  of  A 
(LD  (HL),  A and  LD  A,  (HL))  are  du- 
plicated in  the  top  table  and  the  one 
below  it.  Not  wrong,  but  confusing  to 
those  not  familiar  with  the  8080  set. 

Another  point  that  might  puzzle  the 
innocent  is  7 of  the  opcodes  (e.g.,  LD 
A,  A coded  by  7F)  that  do  nothing  at 
all,  are  really  NOPs  (that  in  the  8080A 
takes  5 clock  periods  instead  of  the 
usual  NOP  4,  while  in  the  Z80  all  take  4.) 

Nevertheless,  the  table  is  very  worth- 
while, making  it  very  clear  that  the  ma- 
jority of  Z80  opcodes  are  2-byte  and 
quite  a few  are  3-byte. 

H.T.  Gordon 
Oakland,  CA 


Comments,  questions,  and  criticism 
are  welcomed.  All  letters  should  be  ad- 
dressed to  1050  Commonwealth  Ave., 
Boston,  MA  02215.  All  material  is  sub- 
ject to  editing  for  length,  libel  and 
standards  of  good  taste.  Signatures 
may  be  withheld  upon  request. 
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TOPUT/OUTPIIT 


Radio  ham 

As  a radio  ham  I am  interested  in 
building  either  a small  computer  for 
my  personal  use  at  home,  or  purchasing 
a ready  made  computer  from  a reliable 
manufacturer  in  the  US. 

I’m  interested  in  names  and  address 
of  firms  that  market  such  equipment. 

Hans  Wenk 
4153  Reinach 
OB.  Rebbergweg  1 
Switzerland 

Classroom 

correspondence 

For  several  years  we  have  been  running 
a system  of  programs  to  keep  track  of 
grades  on  a teletype  and  timeshare  link. 
Recently  we  have  had  to  switch  to 
three  Sol-20s.  We  are  now  keeping 
track  of  800  students  on  one  Sol-20 
equipped  with  a North  Star  Disk  and 


48K  of  memory.  The  GRADER  pack- 
age keeps  track  of  advisory  attendence, 
student  grades,  top  students,  progress 
reports  to  tell  parents  of  a child’s  poor 
performance  and  scheduling  of  students 
on  the  terminal.  In  addition,  60  stu- 
dents learn  elementary  BASIC  pro- 
gramming. We  work  on  everything  from 
from  baseball  programs  to  pong  games 
and  two-person  Star  Trek.  We’re  plan- 
ning to  also  run  a debate  tournament 
by  computer.  We  would  appreciate  cor- 
respondence from  other  schools. 

Ken  Meltsner 

c/o  John  F.  Kennedy  High  School 
4300  Cutting  Blvd. 

Richmond,  LA  94804 

A second  saved  is . . . 

I have  used  the  Facit  Electronic  Time 
Recorder  system  about  thirty  days  on 
a trial  basis  and  find  it  most  useful  in 
my  affairs.  Are  there  any  comparable 
products  on  the  market? 


This  particular  product  was  priced 
at  $1,595  this  past  summer. 

Albert  W.  Hall 
No.  1 1 Dunlap  Ct. 

P.O.  Box  446 
Jacksonville,  IL  62651 

In  search  of 

I’m  looking  for  a small  company  will- 
ing to  build  a device  I’ve  patented  - 
I’ve  already  found  a company  interest- 
ed in  selling  it.  Initially  a few  would  be 
ordered  but  later  I believe  we  could  or- 
der 100  or  more  per  year. 

The  device  consists  of  a case,  5VDC 
power  supply,  16-18  DPDT  switches, 
18-20  seven  segment  displays,  6-7  triple 
AND  gates,  sockets,  144-160  resistors, 
PC  socket  or  sockets  and  1 or  2 large 
PC  boards.  1 need  to  know  how  much 
the  device  will  cost  and  will  supply  ad- 
ditional details. 

Arleigh  Bruce  Hughes 
1 58  Havlani  St. 

Pukalani,  HI  96788 


Our  MacroFloppy 


goes  twice 
For  *695. 


the  distance. 


Introducing  the  Micropolis  MacroFloppy™:  1041  and  :1042  disk  drive  sub- 
systems. For  the  S-100/8080/Z-80  bus.  Packing  100%  more  capacity  into  a 
5M-inch  floppy  disk  than  anyone  else.  145K  bytes,  to  be  exact.  For  as  little 
as  $695. 

The  MacroFloppy:1041  comes  with  the  Micropolis  Mod  I floppy  packaged 
inside  a protective  enclosure  (without  power  supply).  And  includes  an  S-100 
controller.  Interconnect  cable.  Micropolis  BASIC  User's  Manual.  A diskette  con- 
taining Micropolis  BASIC,  and  a compatible  DOS  with  assembler  and  editor. 
The  :1041  is  even  designed  to  be  used  either  on  your  desk  top,  or  to  be  inte- 
grated right  into  your  S-100  chassis. 

The  MacroFloppy;1042  comes  with  everything  the  :1041  has,  and  more. 
Such  as  d.c.  regulators,  its  own  line  voltage  power  supply,  and,  to  top  it  off, 
a striking  cover.  Making  it  look  right  at  home  just  about  anywhere. 

Both  MacroFloppy  systems  are  fully  assembled,  tested,  burned-in,  and 
tested  again.  For  zero  start-up  pain,  and  long  term  reliability.  They're  also 
backed  up  by  our  famous  Micropolis  factory  warranty. 

And  both  systems  are  priced  Just  right  $695  for  the  MacroFloppy:1041 
and  $795  for  the  MacroFloppy:1042. 

You  really  couldnt  ask  for  anything  more. 

At  Micropolis,  we  have  more  bytes  in  store  for  you. 

For  a descriptive  brochure,  in  the  U.S.  call  or  write  Micropolis 
Corporation,  7959  Peering  Avenue,  Canoga  Park,  California  91504.  Phone 
(213)  703-1121. 

Or  better  yet  see  your  local  dealer. 


MICROPnUS: 

More  bytes  in  store  for  you. 


CIRCLE  8 


Who’s  at  the  top? 

I am  interested  in  getting  involved  in 
the  information  storage  and  retrieval 
business.  What  I would  like  to  know  is 
who  you  would  consider  to  be  the 
most  noted  designers  and  firms  in  the 
US  and  what  they  are  most  noted  for 
by  way  of  research  development.  In  ad- 
dition, it  would  certainly  be  inspiring 
and  exciting  to  see  articles  by  such 


men  and/or  firms  on  their  present  and 
future  projects. 

Finally,  I would  like  to  know  how 
to  begin  to  enter  this  field,  to  know 
what  to  learn,  and  where  to  learn  it. 

Bryan  C.  Greifinger 
271 -3677th  Rd. 

New  Hyde  Park,  NY  11040 

Gang?  We'd  also  like  to  hear  your  sug- 
gestions. No  fair  nominating  yourself  . . . 


Printer  plea 

I am  attempting  to  help  a friend  estab- 
lish a small  data  processing  system  that 
will  be  capable  of  the  usual  business 
functions  and  also  do  justification  for 
offset  printing. 

The  problem  is  that  the  prolifera- 
tion of  small  systems  and  software  for 
them  is  overwhelming  — at  least  to  me 
as  I have  been  1 5 years  in  large  com- 
mercial systems  and  can  see  little  or- 
ganization in  the  micro  market. 

The  information  I am  seeking  is  a 
recommendation  as  to  a microsystem 
to  which  I might  interface  a “daisy- 
wheel”  printer  that  has  justification 
software  available  for  line  copy  with 
multiple  CRT  input.  I know  the  lot  of 
them  will  do  the  accounting  require- 
ments. 

A.K.  Smith 
FCP,  Box  1000 
Steilacoom,  WA  98388 


Input  (Output  material  may  be 
sent  to  Personal  Computing, 
1050  Commonwealth  Ave., 
Boston,  MA  02215.  Please  in- 
clude your  name  and  address. 


MetaFloppy 


goes 


bo^ond. 


The  Micropolis  MetaFloppy^  gives  you  more  than  four  times  the  capacity  of 
anyone  else's  5%-inch  floppy  Because  it  uses  77  tracks  instead  of  the  usual  55. 

The  field-proven  MetaFloppy  with  thousands  of  units  delivered,  comes 
in  a complete  family  of  models.  And,  like  our  MacroFloppy™  family  of  disk 
drives,  MetaFloppy  is  designed  for  the  S-100/8080/Z-80  bus. 

For  maximum  capacib/,  choose  our  new  Meta  Floppy: 1054  system.  Which 
actually  provides  you  with  more  than  a million  bytes  of  reliable  on-line  stor- 
age. For  less  money  than  you'd  believe  possible. 

The  MetaFloppy:1054  comes  complete  with  four  drives  in  dual  config- 
uration. A controller.  Power  supply.  Chassis.  Enclosure.  All  cabling.  A new  BASIC 
software  package.  And  a DOS  with  assembler  and  editor.  There's  even  a built- 
in  Autoload  ROM  to  eliminate  tiresome  button  pushing. 

If  that's  more  storage  than  you  need  right  now,  try  our 
MetaFloppy:1055,  with  650,000  bytes  on-line.  Or  our  Meta- 
Floppy:1045,  with  515,000  bytes  on-line.  Either  way,  you  can 
expand  to  over  a million  bytes  on-line  in  easy  stages,  when  you 
need  to.  Or  want  to. 

In  other  words,  if  your  application  keeps  growing,  we've  got 
you  covered.  With  MetaFloppy 

The  system  that  goes  beyond  the  floppy. 

Fora  descriptive  brochure,  in  the  U.S.  call  or  write  Micropolis 
Corporation,  7959  Peering  Avenue,  Canoga  Park,  California  91504. 

Phone  (215)  705-1121. 

Or  better  yet,  see  your  local  dealer. 


MICRDPnUS" 

More  bytes  in  store  for  you. 
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TIMESHARING 

The  80-103A  works  both  ways.  Your  system  can  call  a timesharing  service  and  communicate  as  an  intelligent 
terminal  OR  your  S-100  system  can  be  the  timesharing  system  where  the  80-1 03A  answers  the  phone  and 
communicates  with  terminals  or  other  processors. 


80-103A  DATA  COMMUNICATIONS  ADAPTER 


The  80-103A  DATA  COMMUNICATIONS  ADAPTER  was  developed  to  function  as  an  S-100  bus 
compatible  serial  interface  incorporating  a fully  programmable  modem  and  Telco  interface.  These 
functions  are  usually  accomplished  by  the  use  of  two  separate  modules:  1)  a serial  I/O  board,  and 
2)  an  external  modem.  By  combining  these  features  on  a single  board,  the  80-1 03 A can  offer 
microcomputer  applications  significant  cost /performance  advantages  over  other  implementations. 


• FULLY  PROGRAMMABLE  FEATURES 

• AUTOMATED  DIALING  AND  AN- 
SWER 

• ORIGINATE  OR  ANSWER  MODE 

• 1 10-300  BIT/SEC  DATA  RATES 

• CHARACTER  FORMAT  AND  PARITY 

• ERROR  DETECTION 

• FULLY  BUFFERED,  OUTPUTS  DRIVE 
25  S-100  BUS  LOADS 

DC  Hayes  Associates  offers  a full  range  of  capabilities 
for  solving  your  information  handling  problems. 
Whether  your  problem  is  large  or  small,  we  will  apply 
innovative  techniques  for  finding  the  best  solution. 
Contact  us  about  our  products  and  services. 


• STANDARD  U.S.  FREQUENCIES 

• FULL  TELCO  COMPATIBILITY  WHEN 
ATTACHED  TO  DAA 

• COMPATIBLE  WITH  EXISTING  TELE- 
TYPES AND  TIME  SHARING  MODEMS 

• ALL  DIGITAL  MODULATION  AND 
DEMODULATION.  NO  ADJUSTMENTS 
REQUIRED. 


PRICES: 

Assembled  80-1 03A  with  48  hour  burn  in 
and  90  day  warranty  is  $279.95 

Bare  Board  with  manual  is  $49.95 


D C Hayes  associates 

P.O.  Box  9884  • Atlanta,  Georgia  30319  • (404)  231-0574 
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RANDOM  ACCESS 


Computer  crime 

Today’s  villians  don’t  sport  han- 
dlebar mustaches  and  silver  Colts 
in  their  holsters.  Nor  do  they 
wear  masks  and  sneak  around  In 
the  dark.  In  fact,  that  pleasant- 
looking  guy  sitting  across  from 
you  at  lunch  sipping  nervously  on 
on  his  third  martini  may  just 
have  committed  a felony  — com- 
puter fraud. 

As  computers  rise  in  popularity 
and  use  so  do  computer-related 


crimes.  A recent  New  Yorker  arti- 
cle told  the  story  of  one  disgrun- 
tled computer  programmer  who 
programmed  his  company’s  com- 
puter to  add  the  raise  he  felt  was 
due  him  onto  his  weekly  salary 
checks.  His  actions  went  unde- 
tected right  up  until  the  time  he 
retired.  But,  as  is  the  case  with 
most  novice  criminals,  he  slipped; 
he  forgot  to  reprogram  the  com- 
puter . . . and  the  computer  con- 
tinued to  process  the  padded 
checks  after  he  had  left  the  com- 
pany. His  error  was  noticed  and 


he  was  apprehended  and  convicted. 

To  keep  up  with  the  growth  of 
white  collar  computer-related 
crime,  the  FBI  now  instructs  its 
agents  in  the  art  of  detecting 
computer  fraud.  Jim  Barko,  unit 
chief  of  the  FBI’s  computer- 
fraud  squad,  conducts  a 4-week, 
thrice  yearly  “Economic  and 
Financial  Crimes  Training  Course’’ 
in  the  FBI’s  special  school  at 
Quantico,  Virginia.  So  far,  the 
agents  have  been  successful  in 
their  work,  and  their  batting  av- 
erages keep  rising. 

One  of  the  cases  the  FBI  team 
cracked  last  year  involved  the 


What’s  up  doc? 

The  pharmacist  at  your  local  cor- 
ner drugstore  may  process  your 
next  prescription  by  computer. 
Now  even  the  smaller  pharmacies 
that  handle  only  75  prescriptions 
a day  can  justify  the  cost  of 
working  with  a small  minicom- 
puter. 

One  system,  the  A-5  small-bus- 
iness minicomputer  offered  by 
the  Olivetti  Corporation,  has 
been  specially  tailored  for  phar- 
maceutical applications.  The  corn- 


theft  of  classified  files  from  a 
Federal  Energy  Administration 
(FEA)  computer.  An  FEA  em- 
ployee had  discovered  a way  to 
use  his  home  computer  terminal 
to  remove  the  classified  informa- 
tion from  the  office’s  computer. 

A night  janitor  in  the  office  caught 
this  computer  crook  when  he  no- 
ticed something  was  fishy.  Barko’s 
force  was  informed  and  they 
caught  and  convicted  the  culprit. 

As  their  manpower  increases 
in  the  future,  Barko  hopes  to  fur- 
ther counter  the  rising  trend  of 
computer  crime  by  expanding 
the  training  program. 


puter  is  designed  to  improve  over- 
all efficiency  by  eliminating  many 
of  the  repetitive  and  often  me- 
nial dally  tasks  and  paperwork. 

The  A-5  prepares  prescription 
logs  and  automatically  bangs  out 
labels  and  patient  receipts.  The 
computer  will  also  check  refill 
limits  of  prescriptions,  maintain 
patient  profiles,  and  issue  daily 
recaps  of  medications  dispensed. 

In  addition,  the  machine  per- 
forms business  transactions  and 
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automatically  processes  third 
party  billing  forms. 

This  pharmaceutical  minicom- 
puter consists  of  the  A-5  model 
20  with  sprocket  and  manual 
front  feeds.  The  unit,  which  fits 
on  a countertop,  has  a 4K  byte 
central  memory,  buffered  elec- 
tronic keyboard,  operator  guid- 
ance display  panel,  print  unit, 
and  magnetic  card  unit.  Modular- 
ly  designed,  the  basic  configura- 
tion can  be  extended  after  instal- 
lation to  accomodate  on-line 


Games  People  Play 

First  it  was  chess,  now  backgam- 
mon. Who  knows?  Maybe  check- 
ers are  next.  What?  Playing  it 
“alone”.  Texas  Micro  Games  has 
just  come  out  with  a computer- 
ized backgammon  set.  The  set 
fits  the  needs  of  the  addict  in 
search  of  a partner  at  2 a.m.,  the 
gambler  who  wants  to  practice 
without  the  risk  of  losing  cash, 
the  novice  who  wants  to  learn 
without  criticism  or  the  back- 
gammon enthusiast  who  enjoys  a 
good  challenging  game  any  time 
of  day. 

The  self-contained  set  operates 
on  standard  electric  current.  All 
you  have  to  do  is  plug  it  into  the 
outlet.  Six  command  keys  con- 
trol the  plays.  All  moves,  yours 
and  the  computer's,  are  initiated 
by  depressing  the  appropriate 
key.  The  computer  is  touch-sen- 
sitive, reading  each  move  as  it's 


communications  capabilities. 

On  a five  year  lease  with  op- 
tion to  buy,  the  system  costs  ap- 
proximately $325.  The  system 
(hardware  and  software)  fully 
installed  will  run  about  $11,400. 

Additional  information  on 
training  programs,  analysis,  serv- 
ice, supplies  and  maintenance 
agreements  for  the  A-5  are  avail- 
able from:  The  Olivetti  Corpora- 
tion of  America,  Pharmaceutical 
Systems,  500  Park  Ave.,  New 
York,  N.Y.  10022. 


entered  and  computing  the  next. 

To  begin  the  game  and  intialize 
the  board  setup  simply  touch  the 
“Start  Game”  button.  The  dis- 
play will  then  light  up  with  the 
word  “roll”  — you  press  this  to 
see  who  goes  first.  All  the  moves 
are  determined  by  the  display  of 
a simulated  “dice”  reading  on  a 
digital  display;  there  are  no  dice 
in  the  game.  Since  the  computer 
computes  each  move  before  it 
makes  it,  the  game  is  both  a 
teacher  and  a competitor. 

According  to  the  manufactur- 
er, the  game  will  retail  for  “about 
$200”  and  will  be  available 
through  retail  outlets  throughout 
the  country.  For  those  of  you  liv- 
ing miles  from  the  nearest  sign  of 
civilization,  the  game  is  also  avail- 
able through  the  American  Ex- 
press or  Horschow’s  Collection 
mail  order  catalogs. 


In  the  crystal  ball 

A number  of  companies  engage 
in  the  business  of  analyzing  the 
trends  and  predicting  the  future 
of  the  computing  industry.  In  a 
recent  study  of  the  field  of 
microcomputer  use  in  games, 
appliances,  automobiles,  home 
computers  and  other  consumer 
products,  a New  York  City  tech- 
nological research  firm.  Frost  and 
Sullivan,  warned  that  there  are 
“as  many  uncertainties  and  risks 
present  as  there  are  opportunities.” 
So  before  you  decide  to  plunge 
into  the  field,  read  on. 

The  study  projects  that  the 
worldwide  microprocessor  and 
microcomputer  market  will  ex- 
pand from  its  stand  at  12  million 
units  in  1976  to  22  million  this 
year  and  on  to  130  million  by 
1984.  However,  total  dollar  reve- 
nues will  significantly  lag  unit 
volume  growth  as  prices  plumet 
from  where  they  stand  now,  at 
about  $10,  to  $5  by  1984  for 
high-performance  and  low  end 
microcomputers;  and  to  $3  for 
very  low-end  micros. 

The  automobile  industry  is 
ready  with  on-board  computer 
car-systems  to  handle  fuel  eco- 
nomy, emissions  and  engine  con- 
trol as  well  as  dashboard  controls. 
This  field,  says  the  report,  pro- 
mises to  be  “one  of  the  most 
lucrative  markets  for  computer.” 
Growth  in  the  computer  game 
market  also  looks  good  accord- 
ing to  the  report. 

On  the  home  computer  front, 
the  forecast  foreshadows  price 
erosions  on  kits,  boards  and 
other  hardware  elements,  with 
“the  8-bit  microsystems  con- 
tinuing to  dominate.” 

But,  the  study  warns,  uncer- 
tainties cannot  be  forgotten.  The 
competition  between  4 bit  vs. 

8 bit  vs.  12  bit  vs.  16  bit  vs.  bi- 
polar bit  slices  vs.  special  tech- 
nologies, will  wage  on.  The  cus- 
tom designed  computer  will  con- 
front the  general  purpose  system, 
the  programmable  micro  will 
stand  up  against  hybrid  compro- 
mise designs. 

The  report  also  predicts  that 
the  rise  of  the  microprocessor 
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and  microcomputer  will  cause 
much  of  the  business  for  “earlier 
generation  integrated  circuits  and 
discrete  components  to  complet- 
ely disappear/’ 

The  174  page  study  (reference 
#492,  $675)  can  be  obtained  by 
writing  to  Customer  Service, 

Frost  and  Sullivan,  Inc.,  106 
Fulton  St.,  New  York,  NY  10038. 

Reporting  on  the  future  of  the 
home  videoplayer  and  recorder. 
Creative  Strategies  Incorporated, 
a market  and  research  consulting 
firm,  says  that  this  industry  will 
“fail  to  make  a sizeable  penetra- 
tion of  the  consumer  electronics 
market  over  the  next  few  years.” 
The  group  attributes  this  to  high 
risks  and  elusive  profits  in  the  in- 
dustry. But  they  also  say  that 

Keep  the  presses 
rolling 

Hobbyists,  small  business  opera- 
tors and  personal  computer  en- 
thusiasts all  have  magazines  writ- 
ten especially  for  them.  But  the 
computer  salesperson,  the  person 
who  must  know  the  field  inside 
and  out,  has  been  neglected. 

But  starting  this  February, 
stories  on  how  to  sell,  explain 
and  understand  computers;  how 
to  efficiently  manage  a computer 
outlet;  and  the  latest  in  trends, 
technology  and  products  will  all 
appear  in  monthly  issues  of  a new 
magazine.  Computer  Dealer. 

The  magazine  will  feature  arti- 
cles of  interest  to  computer  store 
owners,  managers  and  sales  peo- 
ple; consumer  clubs  and  their 
members;  manufacturers  and 
distributors. 

Another  magazine  already  on 
the  market.  Computer  Retailer,  also 
deals  with  this  same  market. 

But  while  both  these  publica- 
tions tailor  their  material  to  the 
needs  of  the  sales-end  as  opposed 
to  the  customer,  many  of  their 
articles  contain  information  valu- 
able to  anyone  interested  in  com- 
puters for  personal  use.  And  even 
if  an  article  doesn't  help  increase 
your  understanding  of  the  field, 
it  might  just  help  you  judge  how 
much  your  salesperson  knows. 


U.S.  retail  sales  will  grow  from 
$90  million  to  $318  million  by 
1981.  They  don’t  deny  this  28% 
annual  growth  rate,  but  they  say 
their  “research  indicates  that  sub- 
stantial penetration  of  the  home 
market  is  still  years  away.” 

The  overall  prediction  includes 
a sustained  and  substantial  growth 
rate  over  the  next  few  years,  with 
price  as  the  most  prohibitive 
factor  preventing  penetration  of 
the  market.  In  addition,  they 
see  videodisc  players  facing  com- 
petition from  all  forms  of  home 
viewing  entertainment,  especial- 
ly Pay-TV. 

The  full  report  ($595)  is  avail- 
able from  Creative  Strategies, 

4340  Stevens  Creek  Blvd.,  San 
Jose,  CA  95129. 


Flick  of  a Switch 

Imagine  this:  your  alarm  goes  off 
at  precisely  7 a.m.  on  a cold  win- 
ter morning.  You  rise  to  find  your 
your  bathroom  already  heated  by 
the  electric  baseboard  heater,  a 
freshly  brewed  pot  of  coffee 
downstairs,  a warmed  sweet  roll 
in  the  oven,  and  you  car  preheat- 
ed by  a block  heater.  Did  Tinker- 
bell  pay  visit  during  the  night? 

Was  a family  member  suddenly 
overcome  with  generosity  and 
good  feeling?  Or  is  your  Coby  I 
System  operating  as  programmed? 

This  new  microprocessor-con- 
trolled  remote  switching  system 
is  programmable  for  convenience 
timing  and  control,  burglar  pre- 
vention, and  home  energy  man- 


CoBnputers 


''This  beauty  was  owned  by  a little  old  lady 
who  only  used  it  to  figure  out  her  grocery  bill  ” 
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agement.  This  means  the  system 
can  monitor  everything  from 
your  stereo  to  your  burglar  alarm. 

The  Intel-designed  8085  proc- 
essor transmits  coded  digital  in- 
structions through  standard  house 
wiring  to  the  remote  control  units. 

These  terminal  units  decode 
the  signals  and  execute  instruc- 
tions. No  wiring  is  necessary;  you 
just  plug  the  system  into  any 
standard  wall  socket. 

The  system  can  program  de- 
vices on  an  on-off  basis,  or  on 
short  or  long  cycles  ranging  from 
a second  to  100  hours.  All  pro- 
grams are  entered,  stored  and 
modified  through  12  function 
and  control  keys  and  a 10-key 


A Dalmatian  (usually  named  Spot) 
used  to  help  firemen  rescue  peo- 
ple in  distress.  A keen  eye,  a set 
of  binoculars,  and  a 100  ft.  tower 
also  used  to  help  fire  fighters  con- 
trol forest  blazes.  Now  we  have 
computers  on  the  job,  and  they 


numeric  pad  with  two  extra  keys 
for  a.m.  and  p.m.  designations. 

The  Coby  I Control  unit  fea- 
tures solid-state  displays  that  Indi- 
cate time,  date  and  number  of  re- 
mote units  being  programmed. 
Each  control  unit  can  direct  up 
to  100  remotes. 

The  control  unit  includes  2048 
words  of  low  power  programma- 
ble RAM,  2048  bytes  of  ROM, 
the  8085  processor  plus  associat- 
ed chips,  a power  supply  cell  that 
doesn't  stop  running  when  trans- 
fered  from  room  to  room  and 
signal-generating  hardware. 

Presently  the  remotes  are  avail- 
able as  switches  between  plug- 
in appliances  and  wall  socket  for 


don't  bark  at  crowds  (or  stop  at 
a convenient  tree)  or  suffer  from 
eye  strain. 

Scientists  at  the  Riverside,  Cal- 
ifornia Forest  Service  Forest  Fire 
Laboratory  are  using  a computer 
at  the  local  state  university  to 


115  volt  circuits,  10-40  amps. 

They  will  also  be  available  (in 
March)  as  replacements  for  stan- 
dard wall  switches  and  as  in-line 
220V  remote  controls  of  built-in 
appliances. 

The  price  on  these  remotes, 
for  an  unspecified  introductory 
period,  is  $40  for  each  10  amp 
model.  For  more  information 
you  can  write  to:  Energy  Tech- 
nology Inc.,  1601  South  Main  St., 
P.O.  Box  Q,  Las  Cruces,  NM. 

With  a complete  system  in  your 
home  you  could  turn  on  the  lights, 
turn  off  the  lights,  turn  on  the 
television,  turn  off  the  television, 
turn  on  the  heat,  turn  off  the 
heat  . . . 


help  predict  behavior  patterns  of 
forest  fire  blazes. 

The  problem  of  predicting  be- 
havior patterns  of  a blaze  involve 
accurate  measurement  of  wind 
and  temperature  conditions  in 
the  lower  atmosphere.  When  a 
crew  knows  humidity,  wind  and 
temperature  factors  for  the  next 
six  or  12  hours  they  can  then  bet- 
ter prepare’their  defenses. 

The  scientists  are  using  the 
computer  to  store  topographic 
information  for  two  test  areas. 
This  data,  combined  with  math- 
ematical models  of  the  lower 
atmosphere,  allows  them  to 
convert  the  upper  atmospheric 
weather  predictions  (which  can 
be  accurately  forecast)  to  ap- 
plicable ground  level  forecasts. 

When  applied  to  other  parts  of 
the  country,  a series  of  telemeter- 
ing stations  in  test  areas  will  re- 
cord wind,  temperature,  and  hu- 
midity conditions  approximately 
every  half  hour.  These  measure- 
ments will  be  transmitted  to  the 
main  computer  nightly  to  be 
compared  to  the  atmospheric  pre- 
dictions used  to  help  create  the 
mathematical  model. 

In  a related  project  called  Fo- 
cus, Forest  Service  scientists  have 
experimented  with  various  op- 
tions in  allocating  fire  protection 
resources.  Through  a simulation 
of  a fire  protection  organization 
set  up  by  a UCLA  computer, 
they  practice  dispatching  forces 
to  a blaze,  applying  fire  fighting 


A fire  fighter’s  best  friend 
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techniques  and  predicting  the 
probable  outcome  of  the  fire. 

The  project  has  been  success- 
ful in  allowing  fire  officials  to 
better  dispatch  ground  and  air 
equipment.  Plans  are  now  set  to 
make  the  project  operational 
throughout  the  Forest  Service 
area  this  year. 

On  a smaller  scale,  numerous 
fire  departments  across  the  coun- 
try have  replaced  their  helpful 
hounds  with  computer  informa- 
tion terminals  located  in  the  en- 
gine house.  One  large  city  utiliz- 
ing such  a system  is  Kansas  City, 
Missouri. 

Now,  when  Kansas  City  fire 
fighters  race  to  the  scene  of  a fire, 
they  are  radioed  information 
from  the  Fire  Alarm  Exchange's 
computer  concerning  residents 
of  the  burning  building,  the  own- 
er's name,  and  whether  or  not 
there  are  guard  dogs  or  other  dan- 
gerous animals  present  on  the 
property. 

The  computer  also  stores  infor- 
mation about  firemen  on  the 
force.  If  a fire  fighter  should  be 
injured  on  the  job,  the  computer 
will  output  his  blood  type  and  al- 
lergies, whom  to  notify,  what 
hospital  he  prefers  and  the  name 
of  his  personal  physician.  The 
machine  also  compiles  fire  re- 
ports, maintains  information  on 
equipment  status  and  schedules, 
and  pinpoints  the  locations  of 
equipment. 

One  problem  inherent  in  the 
system  is  its  dependence  on  the 
public  to  supply  pertinent  data. 
The  department  would  like  to  ob- 
tain information  on  each  piece  of 
property  — detailing  the  location, 
number  of  stories,  type  of  struc- 
ture, and  number  of  people  in 
each  building  at  various  times  of 
the  day  — and  then  program  this 
material  to  a manageable  size. 

But  the  system  has  had  diffi- 
culty keeping  its  listings  updated. 
For  example,  one  day  a computer 
operator  called  up  a “guard  dog" 
listing  for  a specific  address.  The 
computer  informed  him  that 
there  were  “no  guard  dogs  here, 
but  there  is  a fully  grown  lion.  . .'' 
But  when  the  fire  department 
checked  up  on  this  they  found 
the  lion  had  moved.  . . 


You  can  work  it  out 

Let's  face  it.  All  relationships 
have  their  ups  and  downs.  And 
we  know  these  feelings  have  to 
be  recognized  and  dealt  with.  So 
if  your  computer  is  “down" 
more  than  it's  “up",  perhaps  it's 
time  you  acknowledged  the  fact. 

You  don't  have  to  hide  your 
relationships  from  friends.  Let 
them  know  how  you  feel.  Who 
knows?  They  may  be  in  the  same 
situation  you  are.  So  as  a gift,  or 
for  yourself,  consider  this  idea 
for  a new  computer  room  decora- 
tion/paperweight: a “I  hate  my 


Don’t  miss  ’em 

As  the  Interest  In  computers 
for  personal  and  business  use 
increases,  so  does  the  number 
of  computer  shows  and  exposi- 
tions. The  following  sample 
will  give  you  an  idea  of  what's 
coming  up,  but  be  sure  to  dou- 
ble check  on  each  show  before 
you  travel;  some  may  be  can- 
celed at  the  last  minute. 

One  of  the  first  expositions 
of  the  year  will  be  the  1978 
Business  and  Personal  Computer 
Sales  and  Exposition  at  the 
City  Line  Holiday  Inn  in  Phila- 
delphia, PA,  February  27  to 
March  1.  The  show  will  include 
new  equipment  and  product  ex- 
hibits and  a number  of  special 


computer”  sculpture  — it  might 
even  help  your  emotional  release. 
Instead  of  hitting  your  machine, 
you  can  always  throw  the  piece  of 
sculpture  across  the  room. 

Or,  if  your  relationship  is  go- 
ing well,  you  might  consider  a 
“I  love  my  computer”  sculpture. 

These  sentimental  plaster 
pieces  sit  six  inches  long  and 
sport  an  antique  gold  finish.  The 
price  is  $6.95  postpaid,  satisfac- 
tion guaranteed.  Write  to  Brian 
Productions,  2949  Southfield  Rd., 
Xenia,  OH  45385. 


seminars  and  workshops.  Tickets 
are  $3  If  you  preregister,  $6  at 
the  door.  Information  on  the 
show  can  be  obtained  by  writing 
to  Produx  2000  Inc.,  Roosevelt 
Blvd.  and  Mascher  St.,  Philadel- 
phia, PA  19120. 

To  follow-up  on  last  April's 
successful  San  Francisco  Com- 
puter Faire,  a Second  West 
Coast  Computer  Faire  will  be 
held  in  the  new  San  Jose  con- 
vention center  on  March  3,  4 
and  5.  Some  150-190  exhibi- 
tors and  an  anticipated  (con- 
servative) estimate  of  10,000- 
15,000  attendees  are  expected. 

The  Faire  will  direct  itself 
toward  the  computer  and  elec- 
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tronic  hobbyist,  the  educator, 
small  business  operators  and 
amateur  radio  enthusiasts. 
There  will  be  seminars,  speak- 
ers, exhibits  and  a presentation 
of  papers.  For  more  on  this 
fair  write  to:  Computer  Faire, 
Box  1579,  Palo  Alto,  CA 
94302. 

On  April  28-30  Percomp  '78 
will  be  held  at  the  Long  Beach 


This  doctor  doesn't  make  house 
calls,  but  he  has  been  known  to 
give  some  free  advice  — to  ailing 
computers.  The  doctor  is  Grant 
Snellen,  a computer  engineer  with 
more  than  15  years  experience  in 
the  industry.  Snellen  has  just 
opened  a new  shop  in  Cambridge, 
Massachusetts,  The  Computer 
Doctor,  Inc.  This  "computer  clin- 
ic” offers  a full  range  of  repair 
and  counseling  services. 

Snellen  works  on  a service  con- 
tract basis  where  he  makes  regular 
checkups  on  the  computers,  or  on 
a walk-in  basis.  Depending  on  the 
availability  of  parts,  local  service 
is  usually  rendered  in  two  days. 

So  far,  the  majority  of  the  doc- 
tor’s time  has  been  spent  teaching 
potential  kit  builders  “preventive 


Convention  Center.  A projected 
estimate  of  20,000  attendees 
will  take  advantage  of  the  some 
80  free  seminars,  tutorials,  and 
demonstrations.  The  three  days 
of  conferences  will  include  ses- 
sions on  ham  radio  communica- 
tions, graphic  systems,  home 
applications,  pattern  recogni- 
tion, programmed  learning  and 
word  processing.  There  will  also 


medicine".  For  this  Snellen  of- 
fers a “rebuild-it-yourself  kit” 
for  sloppy  solderers.  The  novices 
visit  his  shop  and  practice  their 
soldering  on  small  practice  boards. 
Snellen  believes  you  can  avoid  a 
lot  of  ills  as  well  as  turn  out  a 
“trouble  free”  machine  if  you 
can  master  soldering  techniques. 
Luckily  for  him  though,  no  one 
has  discovered  a “computer  cure- 
all”  yet  — he’s  still  in  business. 

Snellen  believes  a lot  of  the 
problems  he  sees  could  be  avoid- 
ed if  owners  took  care  of  their 
machines.  To  do  this,  the  doctor 
recommends  placing  a fan  near 
the  computer  to  draw  in  the  dirt 
that  inevitably  collects  inside  the 
machine.  Left  unkept  it  could 
clog  the  vents  and  keep  heat  from 
escaping.  The  plastic  components 
of  micros  are  more  vulnerable  to 
thermal  breakdown  than  the  stur- 
dier ceramic  elements  found  in 
more  expensive  machines. 

The  computer  doctor  also  rec- 
ommends plenty  of  exercise. 
“Leave  your  machine  on,  it’s  not 
a light  bulb  that  should  be  turned 
off  every  time  you  leave  the  room. 
Unless  you’re  going  away  for  a 
week  or  more,  just  let  it  run.” 

There  are  certainly  more  “com- 
puter doctors”  around  waiting  to 
give  first  aid.  If  you  know  of  any 
or  if  you  have  advice  of  your  own 
to  give,  why  not  write  and  let  us 
know.  We’ll  compile  a list  of 
emergency  numbers  that  you  can 
paste  up  near  your  phone  next  to 
“emergency  police”,  “emergency 
fire”  and  “emergency  doctor”. 
And  the  next  time  your  computer 
comes  down  “with  the  bug” 
don’t  panic  — help  may  be  just 
around  the  corner. 


be  a number  of  special  business 
use  demonstrations.  For  infor- 
mation on  Percomp  ’78,  write 
to:  1933  Seventeenth  St.,  Suite 
108,  Santa  Ana,  CA  92701. 

A special  personal  computing 
festival  will  highlight  the  1978 
National  Computer  Conference, 
June  6-8.  The  Disneyland  Hotel, 
Complex  in  Anaheim. 

CA  is  the  site  set  for  the  festival. 
Hobbyists,  consumers,  students 
and  computer  professionals  will 
attend  the  product  and  service 
exhibits,  presentations  of  papers, 
and  individually-designed  displays 
of  personal  computing  systems 
and  applications.  A variety  of 
microcomputer  systems,  kits, 
components,  hobby  equipment, 
terminals,  disk  and  cassette  tape 
systems,  hardware  and  software 
will  be  on  exhibit. 

Approximately  30  sessions 
are  planned  to  cover  topics  in- 
cluding graphics,  music  systems, 
speech  synthesis,  computer 
games,  systems  for  small  busi- 
ness, software  design,  optical 
scanning,  microprogramming, 
and  more. 

One  day  and  three  day  reg- 
istrations are  available  for  the 
festival.  For  details  write  to 
AFIPS,  210  Summit  Ave., 
Montvale,  NJ  07645. 

The  Third  West  Coast  Com- 
puter Faire  has  been  set  for 
October  27-29  at  the  Los  An- 
geles Convention  Center. 

Around  200  exhibitors,  and  an 
anticipated  12-16,000  people 
will  attend  the  Faire.  Paper  pro- 
posals will  be  accepted  until 
August  28th. 

For  more  information  on 
either  the  Faire  or  on  submit- 
ting your  work  write  to:  Com- 
puter Faire,  P.O.  Box  2579, 

Palo  Alto,  CA  94302. 

And  across  the  waters,  Mini/ 
Micro  78  will  feature  a special 
exhibition  of  mini/micro  equip- 
ment and  systems,  in  Frank- 
furt/M, West  Germany.  Included 
in  the  3-day  March  14-17  ex- 
hibition will  be  a symposium 
on  technology,  legislation,  and 
commerce.  For  more  informa- 
tion write  to:  EXHIBIT  Ausstel- 
lungs  GmbH,  P.O.  Box  174201, 

D 6000  Frankfurt,  Germany. 


Is  there  a doctor  in  the  house? 


ITS 

JUST 

ANOTHER 

TERMINAL.. 
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RUGGED  AND  EXPANDABLE,  THE 

VERSATILE  CRT'CAN  BE  ANYTHING 

YOU  WANT  IT  TO  BE,  FROM  THE  SIMPLEST 

TERMINAL  TO  A COMPLETE 

COMPACT  COMPUTER— THE  VERSATILE  II* 


POWER  SUPPLY 


SPECIFICATIONS  VERSATILE  II 

Z-80  CPU 


Video  display  on  9"  64x16  screen 
16K  Static  RAM  Memory 
Serial  and  Parallel  I/O  Ports  with 
standard  RS-232  Connector  pro- 
vided at  rear  of  unit 
Software  to  drive  RS-232 


EXPANDABLE 

Add  memory,  printer,  and  up  to  3 
external  mini-floppy  disk  drives. 

OPTIONS 

8K  Memory  Boards  at  $1 95.00  each. 


S-100  BUS  CARDS 


$2,495.00 


SOFTWARE  LIBRARY 


Five  diskettes  are  included  to  give 
you  immediate  programming  capa- 
bilities. 


DISK  #1  contains  a Disk  Operating 
System  and  12K  Extended  BASIC. 
Easy  to  use  statements  include:  IF 
THEN,  GOTO,  READ,  EXIT,  FOR, 
NEXT.  You  get  complete  line  editor, 
multi-statement  lines  and  multi- 
dimension arrays.  A BASIC  teach- 
ing program  on  this  diskette  will 
have  you  quickly  programming  in 
BASIC. 


DISK  #2  has  many  games  including 
STARTREK,  BLACKJACK  and 
STAR  WARS.  There’s  room  left  over 
for  you  to  add  your  own. 


DISK  #5  is  a formatted  blank  disk- 
ette for  you  to  enter  your  own  pro- 
grams. 


COMPUTER  DATA  SYSTEMS 

5460  Fairmont  Drive  Wilmington,  Delaware  19808 


DISK  #3  is  a Home  Accounting 
Package  with  programs  like  Budget- 
ing, and  Checkbook  Balancing. 

DISK  #4  contains  a Small  Business 
Accounting  Package.  Included  are 
programs  for  Payroll,  Inventory  Con- 
trol, Accounts  Payable  and  Receiv- 
able, Taxes,  Invoicing,  Check  Print- 
ing, and  much  more. 
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THE  VERSATILE  CRT 

PROVIDES  UMITLESS 
POSSIBILITIES  FOR 
YOUR  OWN 
APPLICATION... 


WHETHER  IT’S  A BUSINESS,  PROFESSIONAL  OR 
HOME  APPLICATION,  THE  VERSATILE  CRF  FILLS  ALL 
THE  REQUIREMENTS.  THE  VERSATILE  CRF  IS  THE 
ANSWER  TO  ALL  YOUR  NEEDS.  SELECT  AN 
APPROPRIATE  CPU,  SUFFICIENT  MEMORY  AND 
PERIPHERALS,  AND  IT  WILL  TAKE  ON  ALL  COMERS. 


Since  you  receive  The  VERSATILE  CRT®completely 
assembled  and  tested  and  with  full  6 months  warranty, 
all  you  need  do  is  select  the  components  that  will  com- 
bine to  make  up  the  computer  best  suited  to  your  needs. 
The  motherboard  hasten  100-pin  sockets,  pre-soldered 
in  for  you.  The  card  rack  provides  space  for  as  many  as 
ten  S-100  bus  cards.  The  back  panel  has  more  than 
sufficient  room  for  system  expansion  sockets.  We’ve 
provided  for  the  addition  of  a floppy  disk  drive  with  space 
designed  right  into  The  VERSATILE  CRT.® 


5460  Fairmont  Drive  Wilmington,  Del  19808 
(302)  738-0933 


COMPUTER  DATA  SYSTEMS 


$999.95 


DISTRIBUTORS 


THE  MICRO  FORCE 


Scientific  Sales,  Inc. 
175  W.  Wieuca,  Suite  210 
Atlanta,  GA  30342 
(404)252-6808 


Alexander  and  Company,  Inc. 
5518  Florin  Road 
Sacramento,  CA  95823 
(916)422-9070 


Toll  Free 

1-800-824-5136  inU.S. 
Ext.  A-2090 


RaleighTN.C.  27612 
1-919-781-3370 


RO.  Box  31265 


. 1 


CIRCLE  12 


A PERSONAL  COMPUTING  INTERVIEW 


Professor  Joseph  Weizenbaum: 

Moral  Considerations 
Of  Artificial  Intelligence 

BY  ERIC  BENDER 


Photographs  by  Eric  Bender 


**There  are  certain  tasks  which  comput- 
ers ought  not  do  even  though  they 
can . . 

This  statement,  made  by  Professor 
Joseph  Weizenbaum  ofM.I.T,  sum- 
marizes his  book  Computer  Power  and 
Human  Reason,  which  has  sold  more 
than  23,000  copies,  attracted  the  at- 
tention of  not  only  computer  scien- 
tists but  also  the  general  public  and  ir- 
ritated the  artificial  intelligence  research 
community. 

He  wrote  the  book  because  of  reac- 
tions to  his  earlier  computer  program 
ELIZA.  In  one  ELIZA  sequence,  called 
DOCTOR,  the  computer  interacts  with 
the  human  operator  like  psychologist 
with  patient.  Weizenbaum  said  he  was 
horrified  when  people  took  the  inter- 
actions seriously  (his  secretary  ordered 
him  out  of  the  room  while  she  was  talk- 
ing with  the  DOCTOR).  Some  scien- 
tists even  suggested  that  Weizenbaum 's 
program  might  help  to  heal  actual  pa- 
tients, a suggestion  that  disturbed  Wei- 
zenbaum and  prompted  him  to  write 
the  book. 

Besides  Eliza  and  the  work  on  his 
book,  he  has  taught  at  Stanford  Uni- 
versity, the  Technical  University  of 
Berlin,  Columbia  University  and  Har- 
vard. Some  of  his  critics  have  jokingly 
taunted  him  by  remarking,  **My  God! 
Can't  the  man  hold  onto  a job?” 


Personal  Computing:  In  your  book  you 
described  the  computer  addict  — the 
“hacker”  — as  a programmer  who 
couldn’t  stay  away  from  the  computer. 
Do  you  think  personal  computing  hob- 
byists are  liable  to  the  same  obsession? 
Dr.  Weizenbaum:  Well,  that’s  an  inter- 
esting question.  Let  me  show  you  an 
article  that  appeared  in  the  October  29 
New  York  Times.  The  author  inter- 
viewed a senior  programmer  who  says 
that  he  can’t  leave  a program  alone  - 
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that  he  keeps  fiddling  with  it  and 
keeps  thinking  about  it  on  the  way  to 
work. 

This  phenomenon,  being  caught  up 
in  programming  until  it  becomes  near- 
ly an  obsession,  is  widespread.  As  I tried 
to  say  in  the  book,  becoming  obsessed 
is  a matter  of  degree.  To  a certain  ex- 
tent, all  programmers  suffer  from  get- 
ting “hooked”  on  computers.  Program- 
ming seems  to  provide  a special  fascina- 
tion, and  a special  gratification  that 
comes  partly  from  instant  feedback. 

Tell  the  computer  to  do  something 
and  sure  enough  it  does  something.  It 
may  do  what  you  told  it  to  do,  or  what 
you  think  you  told  it  to  do.  Or  it  may 
do  something  else,  which  “criticizes” 
you  and  puts  you  in  a kind  of  contest 
relationship. 

Perhaps  home  computer  hobbyists 
might  also  get  hooked  on  computers; 
again,  it  will  be  a matter  of  degree.  I 
doubt  that  the  kids  playing  with  dad- 
dy’s computer  will  get  hooked  like  this; 

I think  it’ll  be  kids  with  their  own  com- 
puters. In  fact,  we  may  have  a new  gen- 
eration gap  here. 

Children  may  get  very  good  at  play- 
ing with  computers.  Their  understand- 
ing of  computers  and  their  involvement 
may  completely  exceed  that  of  their 
elders  - particularly  their  parents. 


Many  years  ago,  someone  would 
build  an  elaborate  model  railroad  at 
home.  That  would  be  followed  by  the 
proverbial  contest  between  father  and 
son  as  to  who  would  play  with  it.  (You 
had  the  Saturday  Evening  Post  cover 
with  the  kid  sitting  and  waiting  for  his 
father  to  finish  playing  with  the  toy.) 

I think  the  exact  opposite  is  going  to 
happen  with  personal  computers  — the 
father  won’t  want  to  play  with  the  toy. 

Today,  when  a child  comes  home 
and  asks  his  father  about  a high  school 
physics  problem,  he  can’t  understand 
why  his  father  doesn’t  know  anything 
about  it.  In  the  future,  the  gap  will  be 
much,  much  larger. 

The  four-function  calculator  that 
parents  use  to  balance  the  checking  ac- 
count is  a much  simpler  machine  than 
the  multi-function  calculator  which  the 
child  brings  home.  That  calculator 
costs  a little  more,  but  it  has  sines,  co- 
sines and  other  functions. 

Very  quickly  now,  cheap  hand  calcu- 
lators will  possess  more  and  more  stor- 
age capacity,  and  become  moderately 
programmable  — perhaps  ten  to  a hun- 
dred steps.  The  barrier  between  what 
the  child  wants  to  do  and  what  the  par- 
ents understand  will  grow. 

The  calculator  I’ve  been  talking 
about  is  the  beginning  of  the  home 


computer.  You  can  physically  modify 
the  computer  by  taking  out  modules  or 
adding  them.  You  can  also  attach  it  to 
many  home  appliances  — the  TV  set, 
maybe  the  electric  typewriter,  the  sew- 
ing machine  or  the  microwave  oven.  I 
think  children  are  about  to  leave  their 
parents  far  behind. 

PC:  Do  you  think  parents  will  encour- 
age this  by  saying,  “Don’t  bother  me; 
go  play  with  your  computer?” 

JW:  Television  provides  that  kind  of 
babysitter,  unfortunately.  Parents  of- 
ten abandon  responsibilities  to  their 
children  by  simply  plunking  the  kids 
in  front  of  a TV  set. 

Computers  might  get  the  same  job. 
Parents  might  say,  “Don’t  bother  me; 
go  play  Space  War.” 

My  hunch  is  that  this  approach  won’t 
work.  Kids  play  with  computers  only 
if  they’re  motivated.  They  get  instant 
gratification  only  if  a taste  for  it  de- 
velops. To  some  extent,  this  taste  is  a 
function  of  the  user’s  imagination,  and 
a limited  imagination  leads  to  a limited 
attention  span. 

I don’t  think  that  the  home  com- 
puter will  play  the  “idiot  box”  role  that 
television  does.  It  simply  isn’t  that  pas- 
sive. It  demands  more. 

PC:  From  your  telephone  conversation, 

I assume  that  your  daughter  at  home 
was  at  a computer  console. 

JW:  Yes.  I’ve  had  a home  computer  for 
about  14  years,  connected  to  M.I.T. 
computers.  My  children  grew  up  think- 
ing of  the  console  as  part  of  the  furni- 
ture. I’ve  permitted  them  to  play  with 
it,  and  I’ve  encouraged  them  to  some 
extent.  They’ve  never  displayed  great 
interest  in  it. 

PC:  Fourteen  years  ago  you  started  the 
ELIZA  program.  How  did  that  line  of 
research  begin? 

JW:  ELIZA  was  first  published  in 
1966.  I worked  on  it  for  a couple  of 
years  before  that.  It’s  an  old  program 
now,  and  it’s  been  far  superseded  by 
Winograd’s  work  and  others  in  the  nat- 
ural language  and  computers  field. 

At  the  time,  I had  just  come  to 
M.I.T.  to  work  on  the  CTSS  program, 
which  was  the  original  timesharing  sys- 
tem being  developed  under  the  direc- 
tion of  Professor  Corbato.  I think  the 
history  of  timesharing  is  well  known. 
People  had  noticed  that  large  computers 
were  idle  for  long  periods  while  cards 
were  being  read  or  tapes  were  being 
written,  and  so  on.  During  that  time, 
someone  else  could  use  the  computer. 
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Timesharing  made  computers  more 
economical  by  using  them  more  in- 
tensively. It  also  allowed,  once  again, 
a mode  of  computer  interaction  that 
had  disappeared  after  the  earliest  days: 
hands-on,  directly  coupled,  “conversa- 
tional” computing. 

Timesharing  called  for  this  kind  of 
programming.  It  really  wasn’t  neces- 
sary anymore  to  write  a large  FOR- 
TRAN program,  fire  up  the  computer 
to  see  if  it  worked,  and  then  if  it  didn’t 
work  withdraw  it  and  crawl  over  the 
output  to  see  where  the  mistake  was. 

All  those  steps  one  took  in  batch  proc- 
essing weren’t  needed  now. 

Rather,  we  could  sit  at  the  console 
and  converse  with  the  computer.  It  oc- 
curred to  me  that  we  could  converse 
not  only  about  program  “bugs”  but 
many  other  things  as  well  — if  we  under- 
stood natural  language,  and  small  con- 
versational fragments  in  specific  con- 
texts. For  example,  one  types  in,  “How 
do  I mount  a computer  tape?”  That’s 
a message  and  a context  that  a com- 
puter might  “expect.”  But  a message 
like,  “When  did  Hannibal  cross  the 
Alps?”  might  not  be  expected. 

It  seemed  to  me  that  understanding 
these  messages,  decoding  them  and  get- 
ting the  computer  to  respond  to  them 
might  be  relatively  strai^tforward.  One 
requirement  was  recognition  of  certain 
patterns  in  conversational  fragments. 

For  exatnple,  “How  do  I do  this  opera- 
tion on  this  computer?”  The  “do  this 
operation”  contains  the  meat  of  the 
question,  but  the  “How  do  I”  provides 
recognition  of  what’s  being  asked. 

That’s  how  the  program  started. 
Working  on  my  program-matching 
schemes,  I quickly  realized  that  if  I 
wanted  to  test  them  in  this  mode  I’d 
have  to  give  the  computer  a very  large 
data  base.  I wanted  to  avoid  that  prob- 
lem. So  I wondered  what  I could  ask  a 
computer  which  didn’t  require  that 
the  computer  have  too  much  knowledge? 

Well,  I got  the  peculiar  idea  that  a 
psychiatrist  might  answer  questions  by 
phrasing  in  a way  that  would  seem 
stupid  in  anyone  else.  When  a psychia- 
trist asks  a silly  question,  you  think 
that  he  isn’t  being  silly  at  all.  He’s  just 
trying  to  draw  you  out. 

That’s  how  ELIZA  started.  It  cer- 
tainly had  nothing  to  do  with  psychi- 
atry, as  I pointed  out  in  the  first  article 
I wrote  on  it.  I was  puzzled,  later,  when 
people  hailed  it  as  the  dawn  of  auto- 
matic psychiatry. 


Salty  reactions 

from  concerned  scientists 

In  the  interview,  Dr.  Weizenbaum  comments  on  the  heated  controversy  his 
book  raised.  The  lengthy  controversy,  for  the  most  part,  appeared  as  an 
exchange  of  letters  in  the  newsletter  of  SIGART  (Special  Interest  Group 
On  Artificial  Intelligence).  The  controversy  raged  through  five  consecutive 
issues.  Here  are  some  condensed  excerpts  ( more  can  be  found  in  the  ST 
GART  issues  June  1976  to  April  1977): 

I had  strong  reactions  to  Joe  Weizenbaum’s  book.  The  book  mentions  im- 
portant concerns  which  are  obscured  by  harsh  and  sometimes  shrill  accu- 
sations against  the  Artificial  Intelligence  research  community.  The  personal 
attacks  mislead  the  reader  from  more  valuable  abstract  points. 

- BENJAMIN  KUIPERS,  MIT  AI  lab  (June,  1976) 

JW  says,  “The  very  asking  of  the  question,  ‘What  does  a psychiatrist  know 
that  we  cannot  tell  a computer?’  is  a monstrous  obscenity.”  On  the  con- 
trary, it  is  a fantastically  interesting  and  important  question,  deserving  the 
attention  of  serious  thinkers.  What  seems  to  worry  JW  is  not  the  question 
but  its  potential  for  a foolish  answer. 


This  moralistic  and  incoherent  book  uses  computer  science  and  technology 
as  an  illustration  to  support  the  view  that  science  has  led  to  an  immoral 
view  of  man.  I am  frightened  by  its  arguments  that  certain  research  should 
not  be  done  if  it  might  result  in  an  obscene  picture  of  the  world.  Worse  yet, 
the  book’s  notion  of  obscenity  is  vague  enough  to  admit  arbitrary  interpre- 
tations by  activist  bureaucrats. 

Weizenbaum’s  style  involves  making  extreme  statements  which  are  later 
qualified  by  contradictory  statements. 

He  says  that  science  is  not  the  sole  or  even  main  source  of  reliable  knowl- 
edge. However,  Weizenbaum  doesn’t  propose  any  other  source  of  knowledge 
or  say  what  the  limit  of  scientific  knowledge  is  except  to  characterize  cer- 
tain thoughts  as  “obscene.” 

There  are  tasks  Weizenbaum  thinks  computers  should  not  be  programmed 
to  do  — mostly  for  New  Left  reasons.  One  may  quarrel  with  his  politics, 
and  I do,  but  obviously  computers  shouldn’t  do  what  shouldn’t  be  done. 

The  objection  to  computers  doing  psychiatric  interviews  also  has  a com- 
ponent beyond  the  conviction  that  they  would  necessarily  do  it  badly.  Thus 
he  says,  “What  can  the  psychiatrist’s  image  of  his  patient  be  when  he  sees 
himself  as  an  information  processor  following  rules,  etc.?”  This  seems  like 
the  Renaissance-era  religious  objections  to  dissecting  the  human  body  that 
came  up  when  science  revived. 

- JOHN  McCarthy,  Stanford  University’s  AI  lab  (June,  1976) 

Rebuttal:  There  is  no  correct  or  wrong  view  of  life  to  which  science  or  any- 
thing else  can  lead.  The  point  McCarthy  here  misconstrues  is  that  science, 
or  any  other  system  of  thought,  leads  to  an  impoverished  view  of  the 
world  and  of  life  when  it  or  any  system  is  taken  to  be  the  only  legitimate 
perspective  on  the  world  and  on  life. 

Whatever  the  merit  of  John  McCarthy’s  review  may  be,  it  is  all  but  un- 
done by  his  assertion  that  the  positions  taken  in  the  book  are  derived  from 
a New  Left  idealogy.  Not  long  ago  the  terms  “pinko”  or  “commie” 
served  the  functions  McCarthy  assigns  to  the  New  Left  in  his  review.  I 
would  have  thought  that  people  might  have  learned  something  from  the 
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events  of  the  tragic  decades  the  United  States  has  just  passed  through  and 
that  all  participants  in  scholarly  debate  had  by  now  renounced  arguments 
by  irrevelant  political  association. 

McCarthy  disagreed  with  the  statement  that  Science  is  not  the  sole  or 
even  the  main  source  of  knowledge.  How  reliable  would  McCarthy  say  is 
his  knowledge  that  his  children  are  biologically  his  children  or  that  the  per- 
son he  knows  as  his  father  is  his  biological  father?  Is  science  his  source  of 
such  knowledge?  Have  we  had  reliable  knowledge  only  since  the  founding 
of  the  Stanford  Artificial  Intelligence  lab? 

McCarthy  is  right  in  observing  that  tasks  that  should  not  be  done  at  all 
should  not  be  done  by  computers  either.  I am  opposed  to  machine-admin- 
istered psychotherapy  and  McCarthy  cannot  see  what  objections  there  might 
be  to  it  if  it  were  to  “cure”  people.  I believe  that  machine-administered 
psychotherapy  would  induce  an  image  of  what  it  means  to  be  human.  The 
patient  must  never  be  lead  into  a situation  where  he  is  encouraged  to  re- 
gard himself  as  a mere  object.  My  fear  is  that  machine-administered  psycho- 
therapy necessarily  induces  this  kind  of  self-image  in  the  patient. 

— JOSEPH  WEIZENBAUM  (Laboratory  for  Computer  Science,  Cambridge) 


Rise  and  fall  of  reviewers’  tidings 

“This  is  the  best  book  I have  read  on  the  impact  of  computers  on  society 
and  on  technology  and  man’s  image  of  himself.  It  is  well  written  and  not 
very  technical.  It  is  a book  of  reason,  of  humanity  and  wisdom.” 

- Keith  Oatley,  University  of  Sussex,  in  PSYCHOLOGY  TODAY 

“Judged  as  a philosophical  work  one  must  commend  the  effort  rather  than 
the  achievement.  The  fundamental  questions  have  been  tackled  better  else- 
where. But  then  the  traditional  discussions  may  be  ignored  by  the  technolo- 
gists on  the  grounds  of  irrelevance  whereas  they  cannot  dismiss  Weizen- 
baum’s  account  without  coming  to  terms  with  his  ideas.” 

— Seamus  Hegarty,  LONDON  TIMES 

“In  a time  when  Weizenbaum  feels  so  many  of  his  colleagues  are  providing 
a science  of  answer  finding,  the  professor  instead  lends  himself  to  a science 
of  question  finding.  This  may  prove  to  be  the  professor’s  most  poignant 
contribution. 

- Dr.  Stanley  R.  Jaffin  in  SSC  BOOKNEWS 

“The  book’s  final  conclusions  are  frankly  disappointing;  that  computers 
should  not  be  used  as  a substitute  for  interpersonal  human  contact,  nor 
should  systems  be  introduced  which  have  “irreversible  and  not  entirely  fore- 
seeable side  effects.”  Strict  adherence  to  these  rules  would  exclude  virtual- 
ly all  known  computer  applications!  But  despite  the  lack  of  practically 
useful  calculations,  we  should  be  grateful  to  Professor  Weizenbaum  who  has 
said  things  humanists  have  been  shouting  for  ages.” 

- Keith  Haarhoff  in  NEW  SCIENTIST 

“Weizenbaum’s  polemic  is  brilliant  and  deserves  the  widest  reading  audi- 
ence. The  weakness  of  his  theme  is  that  he  fails  to  make  clear  what  kind  of 
“social  order”  he  is  talking  about:  a democratic  social  order,  totalitarian, 
post-industrial  social  orders?” 

— Arnold  Beichman,  political  scientist  at  U Mass  Boston 

“This  rather  sophisticated  book  is  interesting  and  well-organized;  unfortu- 
nately, its  language  is  sexist.” 

- Richard  J.  Peppin  in  SCIENCE  APPLICATIONS 


PC:  In  your  book  you  discuss  that 
issue  at  length.  What’s  the  current  stat- 
us of  automatic  psychiatry? 

JW:  I don’t  follow  it  very  closely,  but 
apparently  no  one  is  trying  to  use  this 
kind  of  program  in  actual  therapy.  I 
hope  not. 

Dr.  Ken  Colby  at  U.C.L.A.  made  the 
original  suggestion  that  the  program 
could  help  actual  patients  — handling 
hundreds  of  patients  at  state  hospitals 
simultaneously.  Dr.  Colby  has  quit 
working  on  it.  In  a recent  exchange  of 
comments  in  print  with  me,  he  im- 
plied that  the  technical  problems  turned 
out  to  be  much  harder  than  he  had 
thought.  I infer  that  he  still  believes 
the  idea  is  sound  but  the  technical  prob- 
lems must  be  solved  first. 

I think,  however,  that  this  way  of 
conversing  with  a patient  fundamental- 
ly constitutes  a deception.  There  is  de- 
ception involved  every  time  the  com- 
puter says  it  “understands.”  That’s 
wrong.  The  computer  doesn’t  under- 
stand. Suppose  the  patient  says  that 
his  wife  left  him  and  he’s  so  angry  he 
can  hardly  eat.  In  what  sense  can  a 
computer  possibly  understand? 

There’s  deception  involved,  and  in 
my  view  psychotherapy  should  not  be 
founded  on  deception. 

PC:  What  is  your  current  work  here? 

JW:  I teach,  as  everyone  here  does.  I’m 
involved  in  computer  research,  especial- 
ly in  secondary  education.  I don’t  want 
to  say  much  about  it  because  I think 
one  should  discuss  results,  not  work  in 
progress.  But  current  education  in  com- 
puting topics  leaves  much  to  be  desired. 

One  reason  may  be  that  academic 
workers  in  computer  science  have  been 
diffident  about  working  on  apparently 
simple  problems  in  secondary  education. 
Clearly,  we  like  to  work  at  the  most 
glamorous  frontiers.  However,  some 
notable  exceptions  illustrate  that  simple 
problems  in  education  are  not  simple 
at  all.  They  are  difficult  and  demand 
as  much  insight  and  scientific  maturity 
as  more  glamorous  problems. 

In  a way,  technology  is  easy.  If  we 
know  what  we  want  to  do,  we  can  prob- 
ably do  it.  The  hard  problems  in  educa- 
tion research  are  in  teaching,  not  com- 
puter techniques. 

As  for  my  other  work.  I’m  still  deep- 
ly engaged  in  the  aftermath  of  contro- 
versies raised  by  the  book. 

PC:  Do  your  students  read  Computer 
Power? 

JW:  I don’t  know.  I’m  embarrassed  to 
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ask.  The  book  has  been  read  widely, 
and  it  has  caused  considerable  feed- 
back. In  many  schools,  the  book’s  been 
adopted  as  a text.  I’m  particularly 
pleased  that  it’s  read  for  a variety  of 
subjects,  including  psychology  and 
philosophy.  I get  a fair  number  of  let- 
ters from  professors,  and  ordinary 
people,  often  agreeing  almost  entirely 
with  me.  I also  get  letters  from  people 
who  react  angrily. 

PC:  Most  reviewers  reacted  favorably. 
Computer  scientists  seemed  to  have 
more  mixed  feelings. 

JW:  I think  many  computer  scientists 
reviewed  the  book  favorably.  Most  re- 
views in  regular  computer  magazines 
have  been  generous,  which  was  a spe- 
cial pleasure  for  me. 

PC:  Perhaps  other  scientists  reacted 
to  your  description  of  a typical  com- 
pulsive programmer,  one  who  builds 
programs  like  enormous  houses  of 
cards. 

JW:  Most  programs  are  exactly  like  that. 
They  run  on  no  theory  at  all.  The  pro- 
gram is  just  made  to  work.  If  the  pro- 
gram misbehaves  in  one  little  domain, 
you  write  another  subprogram  which 
detects  errors  and  patches  it  up.  But 
you  don’t  know  the  side  effects  of  that 
patch.  Something  else  which  worked 
well  before  might  now  misbehave.  Most 
large  programs  running  in  the  world 
today  are  exactly  like  that. 

It’s  quite  common  for  someone  to 
write  a program  that  few  others,  per- 
haps no  one,  can  understand.  In  the 
Times  article,  the  programmer  is  quoted 
as  saying  that  six  months  after  he 
writes  a program,  if  he  goes  back  to  it 
six  months  later  he  doesn’t  know  how 
he  did  it.  Well,  this  means  among  other 
things  that  he  doesn’t  understand  the 
program. 

Let  me  call  your  attention  to  that 
article  again.  It  cites  the  program  which 
runs  typesetting  for  the  Times.  Now, 
when  one  looks  at  the  article  one  finds 
serious  typesetting  errors.  Any  comput- 
er programmer  can  look  at  them  and  tell 
you  what  kind  of  programming  error 
this  represents. 

The  programmer  here  says  that  pro- 
grams are  either  all  right  or  all  wrong. 
The  article  itself,  which  I think  is  hilari- 
ous, contradicts  that,  because  the  type- 
setting job  isn’t  entirely  wrong. 

PC:  When  you  point  out  this  kind  of 
error,  does  it  help  to  clear  the  air?  What 
effects  did  the  controversies  on  your 
book  have  on  the  artificial  intelligence 


research  community? 

JW:  I flatter  myself  that  speaking  up  as 
I did  in  the  book  has  had  some  effect 
that  at  least  on  the  surface  looks  posi- 
tive. I notice  that  at  the  last  Internation- 
al Conference  on  Artificial  Intelligence, 
which  was  held  at  M.I.T.  in  August, 
many  of  the  statements  were  more  care- 
fully qualified  than  they  might  have 


been  a few  years  ago. 

I’m  somewhat  cheered  by  that,  but 
not  very  much.  I suspect  that  the  de- 
velopment is  superficial.  Fundamental 
beliefs  in  the  ultimate  computability  of 
every  aspect  of  life  — beliefs  that  I feel 
are  terribly  mistaken  — have  not  been 
seriously  affected.  But  the  controversy 
will  continue. 


Become  a psychotherapist 

In  1966  at  MIT,  Joseph  Weizenbaum  programmed  the  computer  to  imitate 
a psychotherapist.  Here’s  a conversation  between  the  computer  and  a pa- 
tient, who  complains  that  Men  are  all  alike. 

Men  are  all  alike. 

In  what  way? 

They  ’re  always  bugging  us  about  something  or  other. 

Can  you  think  of  a specific  example? 

Well,  my  boyfriend  made  me  come  here. 

Your  boyfriend  made  you  come  here. 

He  says  Tm  depressed  much  of  the  time. 

I am  sorry  to  hear  you  are  depressed. 

It’s  true.  I am  unhappy. 

Do  you  think  coming  here  will  help  you  not  to  be  unhappy? 

I need  some  help,  that  much  seems  certain. 

What  would  it  mean  to  you  if  you  got  some  help? 

Perhaps  I could  learn  to  get  along  with  my  mother. 

Tell  me  more  about  your  family. 

My  mother  takes  care  of  me. 

Who  else  in  your  family  takes  care  of  you? 

My  father. 
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Via 

Pony 

Express? 


Have  you  written  a letter,  re- 
cently or  submitted  an  aritcle 

— and  have  not  heard  from 
us?  Please  try  again.  Partic- 
ularly if  you  wrote  to  our  old 
Albuquerque  office. 

We’ve  moved,  as  you  pro- 
bably know.  Our  new  address 
is  1050  Commonwealth  Ave., 
Boston,  Mass.  02215.  All 
your  correspondence  should 
be  coming  to  this  address. 

Much  of  the  recent  corres- 
pondence sent  to  the  Albu- 
querque office  has  failed  to 
turn  up  here  in  Boston. 

When  mail  must  be  for- 
warded, it  often  goes  astray, 
wanders  around  the  nation’s 
post  offices  like  a lost  dog. 
Eventually  it  will  come  home 

— when  it  gets  good  and  hun- 
gry. Until  then,  we  apologize 
for  any  delays  in  our  com- 
munications. Perhaps  a new 
computerized  mail  system 
programmed  in  BASIC, 
would  speed  things  up?! 

So,  if  you’ve  written,  or 
submitted  an  article  or  pro- 
gram, and  haven’t  heard  from 
us,  please  write  again  or  call. 
We’ll  do  our  best  to  get  back 
to  you  as  soon  as  possible. 
Thanks  for  waiting. 

The  Editors 

V y 


Become  a Psychotherapist  (Continued) 

Your  father. 

You  are  like  my  father  in  some  ways. 

What  resemblances  do  you  see? 

You  are  not  very  aggressive,  but  I think  you  don't  want  me  to  notice  that. 

What  makes  you  think  I am  not  very  aggressive? 

You  don 't  argue  with  me. 

Why  do  you  think  I don’t  argue  with  you? 

You  are  afraid  of  me. 

Does  it  please  you  to  believe  I am  afraid  of  you? 

My  father  is  afraid  of  everybody. 

What  else  comes  to  mind  when  you  think  of  your  father? 

Bullies. 

Does  that  have  anything  to  do  with  the  fact  that  your  boyfriend  made  you  come  here? 

Like  the  famous  psychotherapist  Carl  Rogers,  the  computer  asks  prob- 
ing questions  that  make  the  patient  open  up,  but  never  gives  advice:  the 
patient  must  discover  the  truth  for  herself. 

Instead  of  typing  a single  sentence,  the  patient  can  type  a whole  para- 
graph if  she  wishes.  At  the  end  of  the  sentence  or  paragraph,  when  she  v/ants 
the  computer  to  respond,  she  presses  the  carriage  return  twice. 

I’ll  explain  exactly  how  the  program  works,  so  you  can  become  a psy- 
chotherapist yourself. 

The  computer  begins  by  replacing  some  of  the  patient’s  words: 


WORD  THE  PATIENT  TYPED 

REPLACEMENT 

mom 

you 

mother 

I 

dad 

my 

father 

your 

dont 

your 

don't 

my 

cant 

myself 

can 't 

yourself 

wont 

yourself 

won't 

myself 

dreamed 

rm 

dreamt 

you  're 

dreams 

you  're 

dream 

I'm 

I 

am 

you@ 

are@ 

me 

were 

you 

was 

For  example,  the  sentence  Well,  my  boyfriend  made  me  come  here  becomes 
Well,  your  boyfriend  made  you  come  here. 

The  computer  hunts  through  the  revised  sentence  or  paragraph  for  one 
of  these  keywords: 


CATEGORY  8:  computer,  computers,  machine,  machines 

CATEGORY?:  name 

CATEGORY  6:  alike,  like,  same 

CATEGORY  5:  remember 

CATEGORY  4:  dreamt 

CATEGORY  3:  dream,  if 

CATEGORY  2:  everybody,  everyone,  nobody,  no  one,  was,  your 
CATEGORY  1:  always 

CATEGORY  0:  are,  are@,  because,  can,  certainly,  deutsch,  espanol,  francais,  hello, 
how,  I,  Fm,  italiano,  maybe,  my,  no,  perhaps,  sorry,  what,  when,  why,  yes,  you@, 
you  >e 


If  it  finds  several,  it  chooses  the  one  in  the  highest  category;  if  they  lie  in 
the  same  category,  it  chooses  the  one  the  patient  typed  first. 

Then  it  looks  up  the  keyword  in  this  phrasebook: 


ALIKE,  SAME  In  what  way? 

ALWAYS  Can  you  think  of  a specific  example? 

ARE  are  /....•  Why  are  you  interested  in  whether  I am.  . . or  not?  are.  . .:  Did 
you  think  they  might  not  be  . . .? 

ARE@  are  you . . ..•  Do  you  believe  you  are.  . .?  are:  Why  do  you  say  “am?” 

BECAUSE  Is  that  the  real  reason? 

CAN  can  I . . You  believe  I can  . . .,  don’t  you?  can  you  . . ..‘  Whether  or  not  you 
can  . . . depends  on  you  more  than  on  me. 

CERTAINLY,  YES  You  seem  quite  positive. 

COMPUTER,  COMPUTERS,  MACHINE,  MACHINES  Do  computers  worry  you? 

DEUTSCH,  ESPANOL,  FRANCAIS,  ITALIANO  I am  sorry,  I speak  only  English. 

DREAM  What  does  that  dream  suggest  to  you? 

DREAMT  you  dreamt . . .:  Really, . . .? 

EVERYBODY,  EVERYONE,  NOBODY,  NOONE  Really,  (everybody,  everyone, 
nobody,  noone)? 


HELLO  How  do  you  do  - please  state  your  problem. 

HOW,  WHAT,  WHEN  Why  do  you  ask? 

I I remind  you  of:  (see  alike)  I are. . What  makes  you  think  lam...?  / . . .you: 
Why  do  you  think  I . . . you?  / . . .;  We  were  discussing  you  - not  me. 

IF  . . . Do  you  think  it’s  likely  that . . .? 

I’M  (treat  as  / are) 

LIKE  (am,  is,  are,  was)  . . . like:  (see  alike)  like:  (get  a different  keyword) 
MAYBE,  PERHAPS  You  don’t  seem  quite  certain. 

MY  . . . Why  are  you  concerned  over  my  . . .? 

NAME  I am  not  interested  in  names. 

NO  Are  you  saying  “no”  just  to  be  negative? 

REMEMBER  you  remember . . .;  Do  you  often  think  of  . . .?  do  I remember . . . ; 
Did  you  think  I would  forget . . .?  remember:  (get  a different  keyword) 

SORRY  Please  don’t  apologize. 

WAS  was  you  . . .;  What  if  you  were  . . .?  you  was:  Were  you  really?  was  I . . 
Would  you  like  to  believe  I was  . . .?  was:  (get  a different  keyword) 

WHY  why  don’t  I . . Do  you  believe  I don’t  . . .?  Why  can’t  you  . . .;  Do  you 
think  you  should  be  able  to  . . .? 

YOU®  you  (want,  need)  . . .;  What  would  it  mean  to  you  if  you  got . . .?  you  are 
. . . (sad,  unhappy,  depressed,  sick):  I am  sorry  to  hear  you  are  (sad,  unhappy,  de- 
pressed, sick),  you  are .. . (happy,  elated,  glad,  better):  How  have  I helped  you  to 
be  (happy,  elated,  glad,  better)?  you  was:  (see  was)  you  (feel,  think,  believe,  wish) 
you  . . .:  Do  you  really  think  so?  you  (feel,  think,  believe,  wish)  ...  I:  (see/) 
you  are . . .:  Is  it  because  you  are  . . . that  you  came  to  me?  you  (can’t,  cannot)  . . .: 
How  do  you  know  you  can’t . . .?  you  don ’t . . .:  Don’t  you  really  . . .?  you  feel: 

Tell  me  more  about  such  feelings,  you  . . .1:  Perhaps  in  your  fantasy  we  . . . each 
other. 

YOUR  your . . . (mother,  father,  sister,  brother,  wife,  children):  Tell  me  more 
about  your  family,  your . . .:  Your  .... 

YOU’RE  (treat  as  are) 

For  example,  if  the  keyword  is  sorry,  the  computer  looks  up  sorry  in  the 
phrasebook,  which  says  to  print  “Please  don’t  apologize.” 

Suppose  the  patient  types  If  the  job  is  lousy,  he'll  die.  The  keyword  is 
if.  In  the  phrasebook,  //is  followed  by  three  dots,  which  stand  for  the  part 
of  the  clause  that  comes  after  if,  which  is  the  job  is  lousy.  (The  computer 
figures  out  where  the  clause  ends  by  looking  at  the  punctuation.)  The 
phrasebook  says  to  print  “Do  you  think  it’s  likely  that  the  job  is  lousy?” 
The  symbol  @ serves  just  to  locate  the  correct  keyword  in  the  phrase- 
book.  Thereafter,  it  is  ignored. 

Here’s  what  happens  if  the  keyword  \%you@.  After  locating  in  the 
phrasebook,  the  computer  ignores  the  If  the  patient’s  revised  sentence 
contains  70W  want . . . ox  you  need . . .,  the  computer  prints  “What  would 
it  mean  to  you  if  you  got . . .?”  If  the  patient’s  sentence  contains  are 
. . .sad,  the  computer  prints  “I  am  sorry  to  hear  you  are  sad.” 

For  each  phrase  in  the  phrasebook,  Weizenbaum  stored  a list  of  alterna- 
tives. Here  are  the  alternatives  to  “Please  don’t  apologize”: 

Apologies  are  not  necessary. 

WTiat  feelings  do  you  have  when  you  apologize? 

I’ve  told  you  that  apologies  are  not  required. 

During  a conversation  with  a patient,  the  computer  keeps  track  of  which 
phrases  it  has  already  printed,  and  uses  the  alternatives  to  avoid  repetition. 

If  what  the  patient  types  contains  no  keyword,  the  computer  may  print 
one  of  the  following: 

I am  not  sure  I understand  you  fully. 

Please  go  on. 

What  does  that  suggest  to  you? 

Do  you  feel  strongly  about  discussing  such  things? 

Or  it  may  take  a second  look  at  earlier  parts  of  the  conversation,  retrieve  a 
clause  that  contained  jpowr . . and  print  one  of  the  following: 

Let’s  discuss  further  why  your  . . . 

Earlier  you  said  your  ... 

Does  that  have  anything  to  do  with  the  fact  that  your  . . .? 

For  example,  it  may  retrieve  the  clause  Your  boyfriend  made  you  come 
here  and  print: 

Does  that  have  anything  to  do  with  the  fact  that  your  boyfriend  made  you  come  here? 


The  explanation  above  was  taken  from  The  Secret  Guide  to  Computers.  For  the  com- 
plete guide,  send  $11.50  to  Russ  Walter,  92  St.  Botolph  St.,  Boston,  MA  02116. 
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BY  RODNEY  ZAKS 


'T'he  emergence  of  microprocessors  has  been  accidental. 

^ The  first  ones  were  often  rejects  of  technology.  Their 
initial  design  errors  and  inadequacies  have  been  propagated 
until  today,  in  the  name  of  compatibility. 

The  emergence  of  working  transistors  can  be  traced  back 
to  the  late  40s,  after  the  war.  Only  10  years  later,  the  first 
working  model  for  an  integrated  circuit  was  developed  by 
St.  Clair  Kilby,  from  Texas  Instruments.  Around  1961 , the 
first  IC’s  were  beginning  to  be  produced  in  quantity. 

The  integration  of  circuitry  then  proceeded  rapidly.  SSI 
(Small-Scale  Integration)  appeared  in  1964.  It  was  a com- 
plete gate  in  a single  chip.  A gate  is,  for  example,  a “logical 
AND”,  “OR”,  “NOT”;  it  requires  several  transistors.  In 
1968,  MSI  (Medium-Scale  Integration)  appeared:  it  was  a 
complete  register  on  a single  chip. 

Commercial  LSI  (Large-Scale  Integration)  appeared  in 
1971:  the  first  IK-bit  memory,  UART  and  the  first  micro- 
processor. The  first  “general-purpose”  microprocessor  was 
introduced  in  late  1971  (Intel  4004). 

The  search  toward  higher  integration  resulted  initially 
from  NASA  (aerospace  contracts)  and  other  government 
military  contracts.  In  these  programs  the  goal  was  minia- 
turization, low  cost.  In  the  early  1970’s  research  con- 
tracts from  NASA  and  the  government  diminished  rapidly, 
so  the  manufacturers  looked  for  other  sources  of  funds. 
Also  at  that  time  manufacturers  of  integrated  circuits  found 
for  the  first  time  an  outlet  for  their  products  in  the  general 
public:  the  early  desk  calculators,  followed  by  the  pocket 
calculators.  For  the  first  time,  it  was  possible  to  sell  LSI  to 
the  general  public. 


In  early  1971 , only  two  standardized  LSI  products  had 
been  developed:  the  first  IK-bit  dynamic  RAM  and  the 
first  UART’s  (Universal-Asynchronous-Receiver-Transmitter 
— a serial-parallel  converter).  Nobody  could  imagine  then 
what  the  next  standard  product  could  be. 

The  first  microprocessor 

The  design  of  the  Intel  4004  microprocessor,  introduced  in 

1971,  resulted  from  a contract  with  a Japanese  desk  calcula- 
tor manufacturer.  In  fact,  the  early  purchasers  of  the  4004 
(a  4-bit  microprocessor)  had  to  sign  a contract  committing 
themselves  not  to  develop  a desk  calculator  with  the  chip 
for  at  least  one  year.  This  first  general-purpose  microproc- 
essor was  in  fact,  designed  as  a calculator.  It  was,  therefore, 
not  powerful,  and  generally  inadequate  for  general-purpose 
computing. . 

The  next  significant  event  was  Intel’s  introduction  of  the 
8008,  the  first  general-purpose  8-bit  microprocessor,  in 

1972.  A few  years  before.  Display  Terminals  Corporation, 
now  known  as  Datapoint,  had  generated  a request  for  bids 
for  the  production  of  a monolithic  processor  that  could 
control  a CRT  in  a single  chip.  Two  companies  vied  for  and 
obtained  the  development  contract:  Texas  Instruments  and 
Intel.  After  months  of  effort,  Texas  Instruments  withdrew. 
Intel  continued  the  development  and  came  up  with  a com- 
ponent which  could  essentially  satisfy  all  of  the  functional 
requirements  of  Datapoint  except  one:  it  was  too  slow.  In 
addition,  at  about  the  same  time,  a price  war  had  flared 
over  the  prices  of  bipolar  components,  resulting  in  signifi- 
cantly lower  prices. 


Because  of  the  inadequate  speed  of  the  processor  develop- 
ed by  Intel,  and  of  the  much  lower  prices  of  bipolar  com- 
ponents, Datapoint  decided  to  implement  its  controller  in 
bipolar  technology.  Intel  was  left  with  a chip  whose  develop- 
ment had  been  paid  for,  but  for  which  there  was  no  obvious 
market.  An  essential  product  of  Intel,  then  a very  new  com- 
pany, was  memory  products.  The  8008  was  therefore  (re- 
luctantly? ) introduced  on  the  market,  with  the  assumption 
that  it  would  sell  more  memory  chips.  All  design  efforts 
seemed  to  be  halted  and  the  design  team  assigned  to  other 
tasks.  That  was  to  be  the  end  of  microprocessors! 

Today’s  microprocessors 

To  the  presumed  surprise  of  the  manufacturer  (and  of  its 
competitors),  sales  of  the  new  microprocessor  started  in- 
creasing rapidly.  Intel  realized  quickly  the  potential  of  this 
new  device,  reassembled  a design  team,  and  introduced  a 
year  later  the  successor  of  the  8008,  the  8080.  Simulta- 
neously, all  the  leading  competitors  set  to  implement  their 
version  of  what  an  8080  should  have  been,  had  it  been 
designed  correctly  from  the  start.  Within  the  two  years  that 
followed,  all  of  the  leading  “standard”  microprocessors  now 
on  the  market  were  to  be  introduced,  most  of  them  inspired 
by  the  early  design  of  the  8080.  Motorola  introduced  the 
6800  (nearly  one  year  after  the  8080),  Rockwell  introduced 
the  PPS8,  Signetics  the  2650,  and  so  on. 

We  have  now  entered  a third  generation  of  microproc- 
essor design,  where  the  successors  to  the  8080  and  the  6800 
have  arrived  on  the  market.  They  are  the  Z80  from  Zilog, 
the  8085  from  Intel,  and  the  new  1-chip  microcomputers 
(the  F8  from  Fairchild  and  Mostek,  the  8048  from  Intel, 
the  PPS4  from  Rockwell,  and  the  TMS  1000  and  9940  from 
Texas  Instruments). 

Silicon  Valley 

The  LSI  industry  was  born  from  two  development  poles  in 
the  U.S.:  Bell  Telephone  Labs  (in  New  Jersey)  and  the  region 
around  Sunnyvale  (south  of  San  Francisco)  now  known  as 
“Silicon  Valley”.  Many,  if  not  most,  of  the  companies  pop- 
ulating Silicon  Valley  are  born  from  Fairchild. 

Shockley  (the  Nobel  Prize  physicist)  had  assembled  a 
small  team  of  scientists  on  the  East  Coast  about  15  years 
ago.  Within  this  team  were  Robert  Noyce  and  Gordon  Moore. 
Shockley  left  Bell  Telephone  in  order  to  create  his  own  com- 
pany, Shockley  Research  Laboratories.  A few  years  later,  a 
small  group  of  scientists  left  his  company  and  created  a new 
one,  Fairchild,  in  what  was  to  become  Silicon  Valley.  In 
1968,  a small  group  of  scientists  left  Fairchild  and  created 
still  another  company  in  Sunnyvale,  “Integrated  Electronics” 
(Intel).  Intel  was  founded  by  Robert  Noyce  and  Gordon 
Moore  and  introduced  three  years  later  the  first  “microproc- 
essor”. Two  years  ago,  three  of  the  leading  designers  of  the 
8080  left  Intel  to  create  their  own  company,  Zilog,  which 
introduced  a successor  to  the  8080,  the  Z80.  History  does 
not  yet  say  whether  some  leading  designers  of  Zilog  products 
intend  to  separate  soon  from  this  company  to  create  their 


own  Silicon  Valley.  This  mechanism  of  company  creation 
and  implantation  has  been  typical  of  the  electronics  field, 
and  in  particular,  of  the  integrated  circuit  field.  The  leading 
microprocessors  on  the  market  today  have  strikingly  sim- 
ilar features  (and  design  inadequacies). 

A closer  look  at  Intel 

The  ancestor  of  8-bit  microprocessors,  the  Intel  8008,  in- 
troduced in  1972-1973,  was  not  intended  to  be  a general- 
purpose  microprocessor.  It  was  to  be  a CRT-display  con- 
troller for  Datapoint.  For  all  its  design  inadequacies,  and 
its  limited  performance,  the  8008  was  an  overwhelming 
success  and  even  motivated  a number  of  leading  semicon- 
ductor manufacturers  into  producing  competing  designs. 

The  8080  was  designed  as  a successor  to  the  8008.  To 
maintain  compatibility  with  the  8008,  the  8080  included  all 
the  8008  registers  plus  more,  and  all  the  8008  instructions 
plus  more.  The  8080  was  the  first  powerful  microprocessor 
introduced  on  the  market  and  still  is  the  best-seller  in  its  class. 

Several  other  microprocessors  of  similar  performance 
were  introduced  on  the  market  a year  or  more  later.  Tech- 
nically, the  8080  is  no  longer  the  best  product  on  the  mar- 
ket. But  the  8080  still  has  had  the  highest  sales  of  any  stan- 
dard microprocessor,  because  it  was  introduced  first,  and 
probably  because  Intel  was  among  the  first  companies  to 
invest  in  the  developing  support  chips  and  support  software 
for  its  product.  All  of  the  8080  competitors  were  introduced 
after  a nine  month  delay  (Motorola  6800)  or  more.  The 
8080  has  now  a “successor”  product,  the  8085. 

Motorola 

Motorola  introduced  the  6800  in  direct  competition  to  the 
8080.  The  6800  has  essentially  the  same  internal  architecture 
as  the  8080.  It  has  some  differences  at  the  register  level.  The 
6800  is  equipped  with  two  accumulators,  versus  one  for  the 
8080,  but  it  has  a small  number  of  general-purpose  registers. 
The  6800  has  a special  IX  (index)  register,  which  facilitates 
access  to  tables  stored  in  the  memory.  The  8080  does  not 
have  an  index  register,  but  is  equipped  with  register-pairs 
which  can  be  used  to  provide  a similar  facility.  The  6800 
instructions  probably  reflect  the  fact  that  it  was  introduced 
after  the  8080:  they  tend  to  be  somewhat  more  complex 
but  generally  similar  to  those  of  the  8080.  Overall,  either 
of  the  two  microprocessors  comes  out  marginally  faster, 
depending  on  the  function  used  in  the  comparison.  The 
most  significant  difference  in  performance  is  achieved,  not 
by  comparing  a standard  8080  to  a standard  6800  (their 
performance  is  essentially  similar),  but  by  simply  purchasing 
a faster  version  of  either  the  8080  or  the  6800.  The  8080  is 
available  in  three  versions,  the  standard  8080A  with  a 2MHz 
clock,  the  8080A-2  and  the  8080A-1  with  a 3MHz  clock. 

The  6800  is  now  available  in  two  versions  also. 

The  standard  6800  uses  a 1 MHz  clock.  Should  this  mean 
that  the  standard  8080A  is  twice  as  fast  as  the  standard  6800? 
No.  The  clock  simply  supplies  the  pulses  needed  by  the  in- 
ternal microprogram  of  the  control  unit.  The  8080,  on  the 


The  best-seUin^  microprocessors  have  been  copied 
by  a variety  of  manufacturers,  both  for  profit  and  to  acquire 
experience  in  technology  and  processor  design. 
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Examine  any  of  these 
microcomputer  books 


from 


Wiley-lnterscience 


A new  guide  to  the  ABC’s  of  microprocessor  components 
and  techniques . . . 

MICROPROCESSOR  ARCHITECTURE  AND  PROGRAMMING 

William  R Leahy,  Pacific  States  University  & Rockwell  International 

Because  of  its  tutorial  approach  and  easy-to-understand  language, 
you’ll  find  that  this  book  is  a progressive,  step-by-step  guide  to  the 
hardware  and  techniques  associated  with  microprocessors.  Leahy’s 
systematic  presentation  begins  with  classical  computer  architecture 
and  continues  through  the  hardware  of  the  microprocessor  to  pro- 
gramming techniques  and  algorithms.  Throughout,  he  places  em- 
phasis upon  the  advantages  of  MOS-LSI  technology  over  previous 
technologies. 

Contents:  Introduction.  The  Microprocessor — An  Overview.  The 
Bipolar/MOS  Technologies.  The  Memory.  The  Sequentially  Acces- 
sed Storag^e  Memory.  The  Random-Access  Storage  Memory.  Static 
Data  and  Control  Memories.  The  Central  Processing  Unit  (CPU).  The 
Microprocessor  Interface.  Programming  the  Microprocessor.  The 
Intel  8008  Machine  Language.  The  Hexadecimal  Operation  Codes. 
Introduction  to  Programming  Algorithms.  The  Complete  System 
Controllers  Hardware  Versus  Software  Programming.  Beyond  the 
Intel  8008.  Glossary. 

(1-01889-9)  1977  237  pp.  $19.95 

Covers  the  characteristics  common  to  all  microprocessors . . . 
MICROPROCESSORS  AND  MICROCOMPUTERS 
Branko  Soucek,  State  University  of  New  York,  Stony  Brook  & 

Institute  Ruder  Boskovic,  Yugoslavia 

Here’s  a description  of  the  application,  programming,  and  interfac- 
ing techniques  common  to  all  microprocessors.  It  concentrates  on 
detailed  descriptions  of  representative  microprocessor  families  and 
includes  explanations  of  digital  codes,  logical  systems,  and  micro- 
computer organization.  Soubek  also  presents  the  basics  for  design 
and  use  of  microprocessor-oriented  systems  and  covers  new  mic- 
roprocessors and  special  purpose  microsystems. 

(1-81391-5)  1976  607  pp.  $24.50 


GROUNDING  AND  SHIELDING  TECHNIQUES  IN 
INSTRUMENTATION,  2nd  Ed. 

Ralph  Morrison,  Communication  Manufacturing  Company 

Grounding  and  shielding  can  present  persistent  and  difficult  prob- 
lems: Morrison’s  book  gives  the  basic  considerations  of  electrosta- 
tics in  a step-by-step  manner  that’s  easy  to  follow  so  that  you  can 
visualize  the  nature  of  the  electrostatic  enclosure — and  avoid  the 
common  errors.  New  sections  deal  with  digital  circuits  and  other 
modern  developments  and  techniques. 

(1-02992-0)  1977  146  pp.  $15.50 


Discusses  the  microprocessor’s  relationship  with  its  host  system. . . 

MICROPROCESSORS  IN  INSTRUMENTS  AND  CONTROL 

Robert  J.  Bibbero,  Process  Control  Division,  Honeywell,  Inc. 

This  book  contains  the  necessary  background  needed  to  apply  the 
microprocessor  and  its  associated  chips  to  an  instrumentation  or 
control  system.  Assuming  little  or  no  knowledge  on  the  reader’s 
part,  Bibbero  introduces  the  background  elements,  paying  particu- 
lar attention  to  the  dynamics  and  computational  instrumentation 
required  to  accomplish  real-time  data  processing  tasks.  He  em- 
phasizes system  and  software  development,  gives  a look  at  ad- 
vanced digital  algorithms,  and  offers  a stimulating  chapter  on  dis- 
tributed microprocessors.  An  excellent  book  for  use  in  professional 
or  recreational  use  of  the  microcomputer. 

Contents:  Static  and  Dynamic  Calculations  for  Instruments.  Pro- 
cess Control  Fundamentals.  Digital  Computation  and  Systems. 
Characteristics  of  Microprocessors.  Software  for  Microprocessors. 
Development  of  Digital  Control  Algorithms.  Digital  Control  of  Instru- 
ments (Multichannel  Spectrometer).  Advanced  Digital  Instrumenta- 
tion (GC  Computing  and  Recording).  Distributed  Microprocessor 
Control  Systems.  Index.  (1-01595-4)  1977  301  pp.  $15.75 

A comprehensive  overview  of  the  available  semiconductor  memory 
technologies  and  product  offerings . . . 

A USER’S  HANDBOOK  OF  SEMICONDUCTOR  MEMORIES 

Eugene  R.  Hnatek,  Monolithic  Memories,  Inc. 

This  practical  how-to-do-it  volume  shows  you  how  to  select  from 
among  the  available  semiconductor  memory  technologies  for  your 
own  design  needs,  and  how  to  use  and  apply  semiconductor 
memories  to  a particular  systems  requirement.  Without  delving  into 
intricate  detail,  Hnatek  covers  enough  of  the  processing  and 
technological  aspects— as  well  as  memory  cell  design  types  and 
tradeoffs,  chip  decoders,  and  sense  amps — to  give  a clear  under- 
standing of  how  each  technology  is  married  to  a circuit  design 
philosophy  to  yield  the  best  final  results. 

Contents:  Introduction.  Semiconductor  Memory  Technology.  Shift 
Registers  and  FIFOs.  The  Read-Only  Memory  (ROM)  and  the  Pro- 
rammable  Logic  Array  (PLA).  Random-Access  Memories  and 
ontent-Addressable  Memories.  The  Charge-Coupled  Device 
(CCD).  Index.  (1-40112-9)  1977  652  pp.  $29.50 


Now  in  a new  revised  and  expanded  second  edition. . . 

SCIENTIFIC  ANALYSIS  ON  THE  POCKET  CALCULATOR, 

2nd  Ed. 

Jon  M.  Smith,  JMSA  Systems  Research  and  Analysis 

The  new  edition  of  this  highly  successful  book  gives  you  all  the 
information  you  need— numerical  techniques,  numerical  approxi- 
mations, tables,  useful  graphs,  and  flow  charts — to  perform  quick, 
accurate  calculations  on  your  electronic  calculator.  And  it’s  still  the 
only  book  that  shows  you  how  to  get  the  most  out  of  your  calculator 
for  scientific  and  engineering  applications. 

(1-03071-6)  1977  445  pp.  $13.75 

WILEY-INTERSCIENCE 
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average,  requires  twice  as  many  micro  instructions  as  the 
6800  does,  so  their  overall  performance  is  similar.  A “typ- 
ical” 8080  instruction  is  executed  in  two  microseconds,  and 
most  6800  instructions  are  executed  in  two  microseconds. 

A useful  comparison  would  be  to  execute  a “standard 
program”  on  both  microprocessors,  but  there  is  no  such 
thing  as  a standard  program.  When  comparing  the  8080  and 
the  6800,  an  8-bit  by  8-bit  multiplication  may  be  faster  on 
one  of  the  processors,  while  an  8-bit  by  16-bit  multiplication 
may  be  faster  on  the  other,  due  to  “features”  (in  fact,  design 
errors  or  design  peculiarities). 

Second-sources 

Within  the  industry,  there  are  two  kinds  of  second-sources 
for  a microprocessor:  authorized  second-sources  and  non- 
authorized  second-sources.  The  result  is  the  same:  another 
manufacturer  produces  a component  which  should  be  ident- 
ical to  the  model.  This  could  cut  into  the  sales  of  the  first 
component,  but  it  provides  the  market  stability  most  in- 
dustrial and  military  purchasers  require  and  usually  con- 
tributes to  disseminating  of  the  chip.  Mutual  cross-licens- 
ing has  become  fashionable  these  days.  The  best-selling 
microprocessors  have  been  copied  by  a variety  of  manu- 
facturers, both  for  profit  and  to  acquire  experience  in  tech- 
nology and  processor  design.  Non-authorized  copies  are 
often  also  called  “scanning-electron  microscope”  versions. 

For  example,  the  8080  has  only  one  operational  author- 
ized second-source  so  far  (even  though  other  companies  have 
agreements  authorizing  them  to  produce  the  8080  if  needed): 
it  is  Siemens  in  Germany.  This  manufacturer  has  the  masks 
and  the  process  to  manufacture  the  chip,  and  does.  But  the 
majority  of  the  8080  second-sources  are  non-authorized. 


They  are,  for  example:  the  AMD9080  form  AMD  (a  fully 
compatible  version  of  the  8080  claimed  to  be  somewhat 
more  reliable),  the  8080  from  Texas  Instruments,  from  NEC 
(in  Japan),  and  from  National  Semiconductor.  Most  of  these 
components  are  claimed  to  be  totally  compatible  with  the 
8080,  both  pin-for-pin  compatible  and  software  compatible. 
Some  of  the  early  versions  were  not  completely  compatible 
and  resulted  in  surprises  to  the  users. 

The  impact  of  second-sources  on  the  market  can  be  very 
significant.  AMD  can  probably  be  credited  with  starting  the 
major  price  war  on  microprocessors.  It  resulted  in  a price 
drop  on  the  8080  and  similar  products  which  was  one  of  the 
most  spectacular  events  of  1975.  At  a time  when  Intel  was 
selling  the  8080  for  $70  (always  in  quantities  of  100  plus), 
AMD  announced  the  9080  for  $35.  Within  days,  Intel  was 
announcing  the  8080  at  $35.  The  9080  from  AMD  is  under 
$12.  Other  manufacturers,  and  in  particular  Texas  Instruments, 
have  merrily  entered  the  price  war.  As  a result,  it  is  widely 
suspected  that  the  manufacturers  of  microprocessors  which 
do  not  sell  in  significant  numbers  are  in  fact  losing  money 
with  every  chip. 

Most  other  microprocessors  also  have  their  second-sources. 
The  6800,  for  example,  is  second-sourced  by  American 
Microsystems  (AMI)  in  the  U.S.A.  and  by  the  Sescosem  Div- 
ision of  Thomson  CSF  in  Europe. 

National  Semiconductor 

National  Semiconductor  introduced  the  SC/MP  as  its  first 
8-bit  design.  SC/MP  stands  for  “simple  cost-effective  micro- 
processor”. It  was  intended  as  a very  simple  microprocessor 
(few  extra  chips  required),  very  inexpensive.  It  is  indeed  a 
simplified  microprocessor  and  it  is  indeed  cheap.  But  a low 
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APPLICATIONS 
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and  an  “audio-visual  road 
show’’.  Our  idea  is  very 
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cost  for  the  MPU  is  not  sufficient  to  generate  significant  sales. 
The  P-channel  version  of  the  SC/MP  was  slow.  A new  version 
is  now  available  in  N-channel  technology,  which  has  improved 
speed.  This  microprocessor  is  well-suited  for  some  simple 
applications  but  does  not  have  the  processing  power  of  an 
8080,  a 6800  or  a 2650. 

In  1976,  National  introduced  another  8-bit  microproc- 
essor: its  own  8080  implementation  (compatible  with  Intel). 

MOS  Technology 

MOS  Technology  has  introduced  a variety  of  microprocessors 
on  the  market.  They  are  the  650X  “family”.  The  term  is  mis- 
leading: there  are  important  differences  between  the  various 
family  members.  One  of  the  first  family  members,  the  6502, 
has  strong  analogies  with  the  6800  and  may  be  considered  as 
a competitor.  Its  bus  organization,  internal  registers,  and 
instruction  set  are  very  similar  to  the  6800.  In  fact,  support 
devices  for  the  6500  and  6800  are  interchangeable.  The 
6502  is  faster  than  the  6800,  and  the  special  components 
introduced  by  MOS  Technology  (such  as  combination  of 
memory  and  I/O)  result  in  systems  built  with  less  chips,  for 
smaller  or  medium-sized  systems.  They  are  also  priced  very 
low,  resulting  in  inexpensive  small-  to  medium-sized  systems 
with  a processing  power  similar  to,  or  greater  than,  the  6800. 

Intersil 

The  Intersil  6100  is  a 12-bit  CMOS  microprocessor  that  em- 
ulates (imitates)  Digital  Equipment  Corporation’s  PDP-8. 

The  PDP-8  has  been  the  most  successful  minicomputer  in 
the  world.  The  Intersil  6100  is  the  only  12-bit  microproc- 
essor on  the  market  (excluding  the  Japanese  Toshiba  TLCS12 
developed  for  Ford  Motor  Company).  It  executes  all  the  in- 
structions of  the  PDP-8.  Because  it  is  made  of  CMOS,  a com- 


plete Intersil  system  can  be  powered  with  ordinary  batteries. 
The  software  compatibility  with  the  PDP-8  lets  you  program 
in  PDP-8  instructions.  But  you  can  use  ROM  chips  directly 
with  this  microprocessor  the  way  you  would  with  a standard 
microprocessor.  Because  the  PDP-8  stores  a subroutine’s 
return  address  at  the  subroutine’s  beginning,  subroutines 
cannot  be  stored  in  ROM,  unless  you  “adapt”  the  programs 
in  order  to  store  the  return  addresses  into  a separate  RAM. 

Ziiog 

Three  of  the  main  designers  of  the  8080  left  Intel  and  created 
their  own  company,  Ziiog,  in  Los  Altos.  Ziiog  is  financed  by 
Exxon,  the  oil  company.  Its  first  and  essential  design  was 
the  Z-80,  which  incorporates  in  a single  chip  the  8080,  its 
8224  clock,  and  its  8228  system  controller  plus  additional 
facilities.  It  is  completely  compatible  with  8080  software, 
is  as  fast  as  the  fastest  8080  version,  and  the  new  Z-80A 
operates  more  quickly  than  the  fastest  8080.  The  Z-80  has 
several  other  advantages  over  the  8080. 

Intel  again 

Intel  could  not  remain  idle  while  facing  the  threat  presented 
by  the  Z-80.  It  was  obvious  that  with  the  progress  of  tech- 
nology, the  extra  chips  required  by  the  8080  could  be  inte- 
grated in  a single  chip.  The  8085  is  Intel’s  answer.  The  8085 
does  incorporate  the  8224  clock,  the  8228  system  controller 
and  the  8080  within  a single  chip.  It  does  operate  at  the 
speed  of  the  fastest  8080.  But  it  does  not  offer  some  of  the 
features  of  the  Z-80.  ||| 


Reprinted  from  Microprocessors:  from  Chips  to  Systems, 
by  Rodney  Zaks.  Copyright  <^977  Sybex.  Entire  book 
( $9.95 ) from  Sybex  /nc.,  2161  Shat  tuck  Ave.,  Berkeley,  CA 
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A Plunge 

into  the 

Stock 

Market 

BY  TOM  MUNNECKE 


Want  to  cash  in  on  the  personal  computing  bonanza?  Tired 
of  turning  your  garage  into  a mail  order  factory?  Tired  of 
slaving  over  mysterious  hexadecimal  codes  in  your  own  soft- 
ware shop?  Maybe  you’re  just  plain  lazy.  Perhaps  you  don’t 
want  to  risk  your  time  and  money.  Cheer  up,  boys  and  girls. 
There’s  a place  for  you.  It’s  called  the  stock  market . 

Suppose  you  decided  that  the  new  Commodore  Pet  was 
going  to  be  a winner  when  you  first  heard  some  rumors  last 
March.  If  you  had  called  your  broker,  he  probably  would 
have  said  he  didn’t  like  Commodore  International  (CBU) 
even  at  the  bargain  price  of  4!4.  In  fact,  some  brokerage 
houses  were  recommending  that  the  stock  be  dumped.  The 
company  was  not  doing  too  well  with  its  calculator  business 
and  had  just  written  off  other  losing  enterprises. 


The  Bettmann  Archive,  Inc. 


That  didn’t  bother  you,  you  old  plunger.  You  knew 
things  were  going  to  get  bullish  in  the  market  — take  off. 

So  you  invested  your  little  nest  egg  of  $10,000  for  4300 
shares  at  4!^.  You  held  on  all  spring  and  watched  the  stock 
climb  merrily  to  14^/i  in  late  June.  Your  little  nest  egg  was 
now  worth  $62,000.  Commodore  turned  out  to  be  the  hot- 
test growth  stock  on  the  American  exchange  that  quarter. 

Suppose  you  decided  not  to  sell  at  the  top,  waited  a few 
weeks  then  sold  out  at  13^.  You  would  have  then  realized  a 
$45,000  profit  on  your  $10,000  investment  in  4 months. 
Not  bad,  but  what  do  you  do  for  an  encore? 

Enter  Tandy  Corporation  and  its  new  Radio  Shack  TRS- 
80  computer.  Tandy  was  in  a turnaround  situation  in  Aug- 
ust when  it  unveiled  its  new  computer.  They  had  taken  a 
bath  on  CD’s  by  overstocking  themselves  with  23-channel 
sets  just  when  the  FCC  approved  40-channel  units.  The  over- 
supply was  finally  corrected,  however,  and  they  were  look- 
ing forward  to  a good  Christmas  quarter.  Many  analysts  be- 
gan recommending  buy  Tandy. 

Tandy  stock  was  selling  at  about  $26  at  the  time,  down 
from  its  year’s  high  of  $42.  But  instead  of  buying  the  stock, 
you  decided  to  buy  “options.”  Options  gave  you  the  right 
to  purchase  stock  at  a fixed  price  only  until  a pre-agreed  ex- 
piration date.  For  that  right,  you  paid  only  a fraction  of  its 
purchase  price.  However,  if  the  stock  did  not  reach  the  sell 
price  the  option  would  become  worthless.  If  the  price  of  the 
stock  rose  the  percentage  gain  of  the  option’s  price  would 
far  exceed  the  percentage  gain  of  the  underlying  stock’s 
price.  Therefore,  in  general,  option  price  exaggerates  price 
movement  of  the  stock. 

Suppose  you  bullishly  reinvested  your  $55,000  bundle  in 
Tandy  options  when  Tandy  announced  its  TRS-80  model 
in  early  August.  At  that  time,  options  to  buy  Tandy-stock- 
at-$30-by-April-1978  were  selling  for  1%.  So  you  plunged  in 
\vith  your  dough  and  snatched  up  30,000  of  them.  You 
waited  a few  weeks  for  the  news  to  hit  the  media,  watched 
the  stock  climb  from  26  to  31  and  you  sold  your  options 
for  a cool  4VL  a share.  Your  nest  egg  was  now  worth  a nice 
$130,000.  In  retrospect,  anybody  can  turn  a $10,000  invest- 
ment into  $130,000  in  6 months.  But  how  do  you  deter- 
mine what  will  happen  in  the  future?  What  will  make  a com- 
pany’s stock  take  off? 

The  interesting  thing  to  note  in  these  two  true  examples 
is  that  the  stock  moved  completely  on  the  expectation  of 
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As  a concerned  computerist,  you  should  be  able 
to  ferret  out  which  products  might  make 
a significant  contribution  to  the  field, 
and  thereby  increase  its  market  success. 


the  product.  Commodore’s  stock  took  off  6 months  before 
a single  PET  was  delivered.  Radio  Shack  waited  much  longer 
before  announcing  their  product,  but  its  sales  would  not 
show  up  on  the  balance  sheets  until  the  middle  of  next  year. 

Commodore’s  stock  kept  pace  with  the  public’s  aware- 
ness of  what  was  happening.  Each  new  article  in  a national 
publication  boosted  Commodore  up  a point  or  two.  The 
Commodore  rise  was  more  spectacular  than  Tandy’s  because 
Commodore’s  price  was  lower  to  begin  with,  and  the  entire 
company’s  success  rested  on  the  project. 

So  how  do  you  find  out  what  is  going  to  happen?  This 
author  found  that  conferences  are  a good  place  to  start. 

The  Commodore  PET  prototype  was  first  shown  to  the  pub- 
lic at  the  last  San  Francisco  Computer  Faire.  Mixing 


with  the  spectators  surrounding  the  first  PET  were  all  of 
Commodore’s  top  brass,  principals  of  most  of  the  other 
hobby  computer  companies,  and  magazine  reporters.  The 
reporters  would  shortly  go  home,  write  their  articles,  and 
wait  3-8  weeks  for  them  to  hit  the  press.  If  you  were  there. . . 

Obviously,  you  cannot  attend  every  show  in  the  country. 
But  you  can  listen  to  the  local  grapevine  at  the  computer 
store  or  computer  club.  In  addition,  computer  magazines, 
such  2i^  Personal  Computing,  Electronic  Engineering  Times, 
and  Electronic  News,  can  also  provide  timely  insights  into 
events  before  they  appear  in  Newsweek. 

As  a concerned  computerist,  you  should  be  able  to  ferret 
out  which  products  might  make  a significant  contribution 
to  the  field,  and  thereby  increase  its  market  success. 


Street  talk . . . 


Vy'henever  you  discuss  the  stock  market,  you’ll  always 
~ hear  reference  to  street  talk.  What  are  they  saying  on 
the  street?  Although  the  reference  is  usually  to  Wall 
Street,  it  might  just  as  easily  refer  to  the  sidewalk  in 
front  of  your  local  stock  broker.  In  this  area,  then,  if  you 
keep  your  ears  open,  you  can  pick  up  all  sorts  of  interest- 
ing information.  But  how  you  use  it  is  another  matter. 
The  wise  eavesdropper  consults  his  broker.  The  plunger 
treads  where  wise  men  fear  to  go. 

Whether  or  not  you  invest  should  depend  on  what 
you  have  spotted  in  the  prospectus  of  the  company.  This 
prospectus,  or  stock  description,  is  something  anyone 
can  obtain  free  of  charge  before  investing.  Or  you  might 
go  to  a business  library  and  dig  out  the  information  your- 
self, from  Standard  and  Poor  (S&P)  reports.  (S&P  is  the 
bible  of  the  stock  market.)  You  can  always  find  traders 
pouring  over  updated  S&P  reports,  trying  to  spot  some- 
thing there  that  might  make  the  stock  a good  buy. 

The  following  “street  talk”  might  be  worth  consider- 
ing. Company  names  have  purposely  been  omitted  since 
the  Securities  Exchange  Commission  frowns  on  anyone 
“pushing”  a particular  stock.  Supply  your  own.  It  really 
doesn’t  change  matters  much. 

“The Company  has  grown  1 5%  in  sales 

in  the  past  3 years.  It’s  worth  buying.” 

“ has  just  applied  for  a patent  for  a 

new  type  of  rectifier.  The  patent  is  good  for  17  years  and 

if  it  goes  over,  the will  dominate  the 

market.  Sounds  like  a good  gamble.” 

“ Inc.  has  just  enlarged  its  research  and 

development  staff.  Wow!  Any  company  that  will  do  that 
has  something  up  its  sleeve.  Take  a chance.” 

“ and are  trying  to 


raise  capital.  Well,  they’re  not  going  to  build  a new  plant 
with  my  money.  No  sir!” 

“The Company  is  a small  outfit.  Big 

brokerage  houses  aren’t  fooling  around  with  small  com- 
panies. This  company,  though,  has  dynamic  ideas.  They’re 
small  and  they’re  going  places.  Small  companies  usually 
take  off  like  rockets.  Big  companies  simply  trudge  steadily 
along  satisfied  with  their  usual  profits.  I^t  a few  chips  on 
the  small  fellow.  He  can  use  your  money  and  he  could 
make  you  a millionaire.” 

“ Inc.  is  paying  a big  dividend  this  year. 

That  means  they  have  no  place  to  put  their  money.  No 
new  ideas.  No  new  products.  No  expansions.  Nothing. 
Sales  staying  constant.  They’ve  simply  stopped  growing. 
So,  stick  with  a smaller  company.  They’re  the  growers.” 

“The Company  has  a growth  rate  of 

4%  annually.  Tends  to  follow  that,  year  after  year.  But 
it  pays  good  dividends.  Therefore,  seems  like  a nice,  de- 
pendable old  lady  to  trust  your  money  with.” 

“Most  brokers  say  not  to  invest  in be- 

cause it’s  reached  a state  of  ‘growth-arrest’.  But  it  seems 
like  a good  time  to  pick  up  a bargain  on  the  market  — 
buy  when  others  are  selling.  More  millionaires  have  been 
made  that  way  than  any  other  way.  (But  many  guys  and 
gals  have  lost  their  shirts,  too”.) 

“Good  Heavens!  3 o’clock!  Market  is  closed!  Let’s 
go  have  a drink  someplace  and  see  how  much  money 
we’ve  made  today.” 

Street  talk  fades  away  and  becomes  a mumble  of 
feverish  exclamations  during  happy  hour  in  the  stock 
market  bar  rooms.  One  thing  about  street  talkers  and 
street  listeners  — whatever  it  is  they  are  talking  about  - 
it  keeps  them  happy. 


Not  everything  is  that  simple,  however.  Trading  on  Com- 
modore stock  was  suspended  twice  last  summer.  Once,  for  a 
few  hours  due  to  excessive  trading,  which  did  not  affect  the 
price.  In  September,  however,  trading  was  suspended  for  a 
few  days,  after  which  it  opened  down  5 points  from  its  pre- 
vious 18  7/8.  The  question,  and  concern,  was  whether  Com- 
modore could  actually  produce  the  machine  they  had 
demonstrated. 

What  does  the  future  hold  in  store  for  personal  com- 
puting and  the  stock  market?  How  many  more  Commodores 
and  Tandys  will  come  along  before  the  public  wearies  of 
them?  I believe  the  public  is  not  really  aware  of  them  yet, 
and  the  market  certainly  has  not  reacted  to  any  realized 
profits  yet.  And  the  really  big  fish  - Texas  Instruments, 
Hewlett-Packard,  IBM,  and  others,  have  not  even  an- 
nounced yet. 

If  one  had  to  wager  on  a scenario,  one  would  have  to 
anticipate  Texas  Instruments  coming  into  the  market  with- 
in the  next  24  months.  If  they  do,  they  would  probalby 
operate  as  they  have  with  the  calculator  and  digital  watch 
markets.  They  would  undercut  competitor’s  prices  by  about 
30%,  and  offer  a mature  product  with  extensive  literature, 
software  and  support.  They  would  probably  introduce  the 
product  through  their  consumer  outlets.  So  the  first  you 
might  know  about  it  may  be  when  you  see  one  on  the  shelf 
at  your  local  department  store. 

What  should  this  do  to  the  market?  One  would  expect 
Texas  Instrument  stock  to  rise,  as  did  Tandy  and  Commo- 
dore. But  TI  is  a much  larger  company,  and  its  stock  is  al- 
ready high  priced.  Therefore,  one  couldn’t  expect  too  much 
of  an  upward  trend.  TI  options  are  traded,  so  that  should 
make  it  a little  easier  to  take  advantage  of  relatively  small 
price  increases. 

But  a major  TI  announcement  would  have  a great  effect 
on  competitors  — particularly  Commodore.  Here,  now,  is 
your  opportunity  to  cash  in  on  the  personal  computing 
market  - selling  short  on  stocks  you  anticipate  will  go  down. 
Selling  short  is  the  process  of  selling  stock  you  don’t  own, 
on  the  promise  of  buying  it  back  at  a price  presumably  less 
than  you  sold  it  for. 

What  about  other  companies,  such  as  MITS,  IMSAI,  and 
Processor  Technology?  First  of  all,  MITS  was  acquired  by 
Pertec  Computer  Corporation,  which  has  just  recently 
moved  to  the  New  York  Stock  Exchange.  Secondly,  it  does 
not  appear  that  MITS  is  going  to  do  all  that  well.  In  fact, 
some  insiders  suspect  that  Pertec  “got  a lemon”  when  they 
bought  MITS.  IMSAI  and  Processor  Technology  are  not 
publicly  traded,  and  may  share  the  same  fate  as  MITS.  If 
the  S-100  bus  fades  into  obscurity,  these  companies  may 
follow  as  the  big  boys  enter  the  picture.  As  the  old  Chinese 
proverb  says,  “Big  fish  eat  little  fish,  and  little  fish  eat  dirt.” 

But  what  will  the  big  fish  take  over,  and  what  will  be  left 
over  for  the  little  fish?  Certainly  the  mainframe  such  as  the 
PET  can  benefit  from  the  economies  of  scale.  The  manu- 
facturer can  distribute  the  cost  of  software  and  operating 
system  over  a large  number  of  units,  thereby  delivering  a 
cheaper  and  more  sophisticated  product.  But  this  will,  in 
turn,  create  secondary  markets  to  fill  in  product  gaps,  in- 
troduce innovative  products,  software,  retailing  and  servic- 
ing. These  markets  are  inherently  small,  entrepreneurial  busi- 
ness — the  little  fish. 

What  is  the  moral  of  all  this?  You  can  participate  in  the 
personal  computing  market  — without  turning  your  garage 
into  a factory.  Happy  hunting.  And  remember,  buy  low, 
sell  high,  and  watch  out  for  the  big  fish.  ||| 


Smart 

Investing 

After  reading  Tom  Munnecke's 
article  on  investing  we  decided  to 
ask  a professional  about  this  busi- 
ness. Donald  Regal  of  Fahnestock 
& Co.,  nationally-known  stock- 
brokers, sent  along  this  report. 


When  considering  an  investment  in  the 
fast  technology  industry  an  investor 
must  realize  that  what  is  new  today 
may  be  old  hat  by  tomorrow  and  thus 
his  personal  guidelines  and  investiga- 
tions prior  to  a financial  commitment 
are  essential.  A cautionary  checklist  is 
a must  even  for  the  individual  who 
considers  himself  well  informed  and  in 
the  forefront  of  science  and  perhaps 
even  sophisticated  in  the  new  tech- 
nology in  the  state  of  art.  A prudent 
investor’s  checklist  should  include 
some  obvious  points  of  reference. 

The  product 

Is  the  product  that  has  attracted  our 
investor’s  attention  a prototype?  Is  it 
the  result  of  pilot  production?  Is  the 


“A  wise  man 
knows  aU  the  roads 
he  travels.” 
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product  the  start  of  a full  scale  produc- 
tion run?  In  short,  knowing  this  answer 
can  determine  how  soon  the  product 
will  reach  the  marketplace  in  volume. 

Is  the  product  one  that  can  be 
readily  copied  by  a competitor?  On  the 
other  hand,  is  the  product  protected 
by  patents  or  perhaps  a secret  pro- 
prietary process? 

The  next  step  is  to  determine  if 
something  may  be  in  the  wings.  Does  a 
competitor  have  a well  kept  secret 
about  an  equal  or  superior  product 
that  might  possibly  be  first  or  coincide 
with  our  new  product  in  the  market 
place?  Is  anyone  currently  conducting 
research  that  may  well  make  our 
product  obsolete  in  a relatively  short 
time?  In  effect,  we  are  trying  to  deter- 
mine how  long  our  “better  mousetrap” 
will  be  better  than  the  competition’s. 
Once  having  developed  the  product, 
management  must  successfully  market 
its  new  invention.  Obviously  such  bad 
slogans  as  NO  OTHER  EQUIPMENT 
WILL  DO  WHAT  THIS  PRODUCT 
DOES  - OUR  PRODUCT  DOES 
THINGS  FASTER  AND  BETTER  AND 
MORE  ECONOMICALLY  THAN  ANY 
OTHER  PRODUCT  would  be  ex- 
pected to  be  part  of  the  marketing 
program.  Regardless  of  catchy  phrases 
and  colorful  brochures  the  product 
must  still  be  produced  economically 
and  priced  consistently  to  what  cus- 
tomers are  willing  to  pay. 

Hand  in  hand  with  the  above  is  the 
size  of  the  marketplace.  The  two  ob- 
vious questions  are:  How  big  is  the 
market,  and  how  large  is  the  profit 
margin?  Basically  the  determination 
may  boil  down  to  a dollar  figure.  Will 
it  be  a case  where  bottom  line  figures 
will  make  a big  impact  on  a small  com- 
pany or  a small  impact  on  a big  company? 

The  company 

Our  next  step  is  to  realistically  assess 
the  company  in  question.  How  good  is 
management?  Often,  smaller  compan- 


ies are  started  by  technical  wizards  and 
indeed  they  are  essential.  One  must  look 
a little  deeper  at  the  corporate  structure 
to  be  sure  that  these  technicians  can 
manage,  can  market,  can  make  a profit, 
or  to  determine  that  they  have  indeed 
employed  such  personnel. 

Is  the  company  adequately  capital- 
ized? Often  small  companies  are  not 
strong  enough  financially  to  finish  the 
job  they  start.  Production  facilities  are 
another  area  that  should  be  investi- 
gated. What  is  conceived  in  a laboratory 
or  a garage  is  a far  cry  from  adequate 
production  space  and  organized  produc- 


tion line.  Another  key  area  of  atten- 
tion should  be  directed  to  distribution 
network.  Building  the  product  is  one 
thing;  maximizing  distribution  is  a 
science  in  itself 

Stock  pricing 

Perhaps  the  most  nebulous  area  of  all 
is  what  price  should  one  pay  for  the 
common  stock  of  a corporation.  Much 
has  been  written  on  this  subject 
through  the  years  and  it  is  a sure  bet 
much  will  continue  to  be  written  in  the 
future.  There  is  no  one  answer  to  the 
question  and  an  intelligent  investor 
should  be  aware  of  that  fact.  How  high 
is  high  and  how  low  is  low  are  ques- 
tions that  can  not  be  answered. 


It  would  appear  safe  to  say  that  in 
most  instances  the  market  price  of  com- 
mon stock  of  a company  should  or  is 
entitled  to  increase  in  actual  earnings 
and  perhaps  future  prospects  of  the 
company.  Logical  as  the  previous  sen- 
tence may  appear,  all  investors  should 
realize  that  such  is  not  always  the  case. 

Timing  is  a key  to  profitable  invest- 
ing. The  first  thing  an  investor  should 
do  is  make  note  of  the  current  market 
price  and  its  price  in  the  immediate  and 
intermediate  past.  By  such  an  observa- 
tion an  investor  may  surmise  that  the 
price  of  the  common  stock  has  already 
run  up  a fat  percentage.  Perhaps  there 
are  others  who  know  or  suspect  there 
is  something  favorable  in  the  wings? 
Some  investors  may  chose  to  hold  back 
their  purchase  until  the  company  itself 
gives  publicity  to  its  new  product. 

Other  investors  may  chose  to  wait 
until  the  product  reaches  the  market. 
Still  others  may  chose  to  wait  until 
actual  profits  come  down  to  the 
bottom  line. 

Obviously  it  is  the  wish  of  all  in- 
vestors, their  investment  advisors  and 
their  stockbrokers  to  back  the  right 
company  with  the  right  product  at  the 
right  time;  however,  this  is  not  an  easy 
task.  Merely  finding  and  identifying 
the  most  promising  product  and  pros- 
pects is  a difficult  task.  Many  flowers 
are  cultivated  to  bloom  but,  as  is  often 
the  case,  the  bloom  is  short  lived.  To 
an  investor  this  is  often  translated  into 
capital  losses. 

Perhaps  the  above  checklist  may  be 
helpful  in  eliminating  companies  you 
contemplated  purchasing  — as  their 
foreseeable  problems  are  evident.  There 
is  no  substitute  for  homework  in  this 
area.  Perhaps  one  consideration  an  in- 
vestor should  always  keep  in  mind 
when  he  is  searching  for  a potentially 
profitable  investment  in  the  stock 
market  is  that  whatever  one  buys, 
someone  is  always  taking  the  opposite 
position.  |M 


Bewitched, 

Bothered  and  Bewildered? 


Selecting  your  first  computer  can  be  made  easier 
if  you  keep  a few  basic  ideas  in  mind. 


BY  WILLIAM  MILLER 


^hoosing  a computer  these  days  can 
^ be  as  bewildering  as  it  was  to  buy 
your  first  family  car.  The  tires  had  to  be 
kicked,  the  doors  slammed,  the  horn 
tooted,  the  stick  shift  jiggled,  and 
everyone  had  to  take  his  turn  sitting  in 
the  driver’s  seat  before  you  could  make 
your  final  decision.  Once  made,  the 
entire  family  piled  into  the  flivver  for 
a ride  around  the  block  under  the  en- 
vious stares  of  the  neighbors. 

One  great  difference  separates  your 
first  car  experience  from  buying  your 
first  computer  — when  you  bought 
your  car  you  were  able  to  drive  it  home 
from  the  showroom  immediately;  when 
you  buy  your  first  computer  system, 
you’ll  first  have  to  lug  it  home,  set  it 


up,  and  work  out  the  bugs  before  it 
moves  at  all. 

If  you’re  vague  about  your  objec- 
tives the  options  available  to  the  first- 
time buyer  can  be  especially  confusing. 
But  selecting  your  first  machine  can  be 
made  easier  if  you  keep  a few  basic 
concepts  in  mind. 

Four  alternatives  are  open  to  the  pro- 
spective computer  buyer.  Each  offering 
should  be  studied  carefully  to  decide 
which  computer  system  best  meets 
your  needs. 

Your  alternatives  include  buying  a 
complete  “turn-key”  system  complete 
with  computer  hardware,  system  soft- 
ware and  application  software  that  per- 
forms specified  tasks;  buying  a system 


with  system  software  and  hardware 
(forget  about  application  software  and 
simply  adapt  the  system  software  to 
your  use);  purchasing  only  the  hard- 
ware and  developing  both  system  soft- 
ware and  application  software;  or 
developing  your  own  hardware  as  well 
as  both  softwares. 

When  you  don’t  have  the  resources 
or  time  to  develop  an  application,  or 
when  the  “fit”  is  near  perfect,  turn- 
key systems  will  suffice  — although 
these  systems  do  have  some  drawbacks 
you  should  be  aware  of.  “Tailoring”, 
for  example,  is  usually  required  to 
assure  fit.  Most  standard  application 
programs  require  modification  before 
you  can  put  them  in  production.  Some- 
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Sometimes  the  amount  of  tailoring  re- 
quired for  a software  package  justifies 
starting  from  scratch. 

With  too  great  a cost  and  too  many 
drawbacks  to  consider  in  the  first  al- 
ternative, you’d  be  better  off  selecting 
the  second  alternative.  Because  both 
system  software  and  hardware  are  sup- 
plied you  can  directly  develop  the  ap- 
plications it  lacks.  The  chief  problem 
with  following  this  route  lay  in  delay 
and  cost  overrun  if  the  system  software 
cannot  develop  application  software. 

Few  people  choose  the  third  alter- 
native — hardware  only.  Most  purchas- 
ers lack  the  specialized  knowledge  re- 
quired to  develop  system  software. 

But  you  might  select  this  alternative 
when  nothing  else  is  available  at  a price 
you  can  afford. 

The  fourth  system,  where  you  de- 
velop both  softwares  and  the  hardware, 
should  be  chosen  only  when  you  re- 
quire a highly  specialized  application 
with  a minimum  of  hardware/software 
design  and  development.  Don’t  even 
consider  this  system  unless  you  have 
the  expertise  required  to  develop  all 
the  components. 

After  you’ve  selected  your  system 
you  must  consider  and  resolve  a num- 
ber of  questions.  How  easy  is  it  to 
write  a program?  test  a program?  de- 
bug a program?  change  or  modify  a 
program?  When  the  programs  are  fully 
tested  how  easily  can  you  operate  the 
system?  Does  operating  the  system  re- 
quire specially  trained  personnel?  Are 
the  programs  or  files  protected  from 
modification  while  in  production?  Can 
the  system  process  work  within  produc- 
tion time  limits?  Can  the  system  be  ex- 
panded? What  languages  are  supported? 
Because  implementation  of  language 
differs  from  machine  to  machine,  what 
features  are  supported?  What  are  the 
capabilities  and  limitations  of  those 
languages?  Are  file  structures  flexible? 
Can  you  add  peripherals  (printers,  disks, 
tapes)  without  rewriting  software?  Is 
there  a command  language?  Can  you 
execute  from  pre-stored  command  files? 
Can  more  than  one  person  use  the  sys- 
tem? Are  user  files  guarded  against  de- 
letion or  change  by  other  users?  Is  the 
system  easy  to  operate? 

Costs 

The  cost  of  a system  should  include 
the  price  of  system  software  or  the  cost 
of  having  it  developed.  Elements  of 
such  system  software  are  comprised  of 
operating  system,  programming  lan- 
guages, maintenance,  utilities,  com- 
mand language,  data  access  (I/O)  and 


“Choosing  a 
computer  these  days 
can  be  as  bewildering 
as  it  was  to  buy 
your  first  family  car.” 

schemata,  plus  the  cost  of  developing 
application  software.  When  purchased 
with  system  hardware,  system  software 
will  often  cost  less  then  “in  house”  de- 
velopment. 

Reliability 

The  time  a system  can  be  used  produc- 
tively is  referred  to  as  “up  time”. 
“Down  time”  is  the  time  a system  can- 
not be  used  because  of  software  or 
hardware  malfunction.  Most  down 
time  during  initial  phasing-in  of  a sys- 
tem results  from  software  difficulties. 
After  systems  have  been  debugged, 
software  becomes  less  of  a factor.  At 
that  point,  hardware  takes  over  as  the 
most  frequent  cause  of  down  time 
although  the  advent  of  solid  state  tech- 
nology has  reduced  failure  rates  to  low, 
acceptable  levels. 

Peripherals,  more  than  other  com- 
ponents, continue  to  be  most  vulner- 
able to  failure.  Again,  the  purchaser 
must  decide  what  degree  of  reliability 
he  needs.  Professional  use  requires 
greater  reliability  than  educational  or 
hobbyist  use. 

You  should  be  able  to  obtain  service 
for  all  parts  of  your  system  (applica- 
tion software,  system  software  and 
hardware).  Most  computer  stores  pro- 
vide service  on  a contractual  basis, 
but  the  increased  reliability  of  solid 
state  technology,  is  leading  the  trend 
away  from  maintenance  contracts  to 
fixed-rate  service  calls.  Both  options 
might  be  offered  by  a computer  store. 

Maintenance  of  microprocessor  sys- 
tems has  already  been  reduced  from 
electronic  boards  to  identification  and 
replacement  of  the  faulty  board.  Mech- 
anical components  require  constant 
maintenance;  cleaning,  oiling  and  ad- 
justing. Consequently,  mechanical  com- 
ponents are  more  time  consuming  than 
solid  state  components. 

Hardware 

If  the  cost  of  hardware  continues  to  de- 
cline as  the  cost  of  software  rises,  hard- 
ware will  soon  represent  less  than  5 
percent  of  a system’s  total  cost. 

While  distinctions  were  formerly 
made  between  microprocessors,  mini- 


computers and  computers,  the  rapid 
development  of  micros  has  relegated 
these  distinctions  to  historical  diction- 
aries. The  most  significant  difference 
among  microprocessors  involves  the 
number  of  bits  they  handle.  16-bit 
processors  are  faster  and  more  flexible 
than  8-bit  processors,  while  32-bit 
processors  tend  to  be  faster  and  more 
flexible  than  1 6-bit  processors. 

Factors  to  be  considered  when  eval- 
uating hardware  include:  Is  it  standard? 
Are  there  second  sources  for  memory, 
interfaces,  controllers  and  peripherals? 
Will  the  components  readily  adapt  to  a 
more  advanced  system?  Are  power  sup- 
ply and  mother  board  capable  of 
growth?  Will  the  hardware  be  able  to 
use  newer  technology  as  it  becomes 
available? 

Your  evaluation  of  a computer  sys- 
tem involves  three  items:  application 
software,  system  software  and  hard- 
ware. But  this  evaluation  should  take 
place  after  you’ve  developed  a clear 
idea  of  your  objectives.  |N 


Definitions  for  the  neophyte 

Software:  specific  sets  of  instructions 
which,  when  executed  by  a computer, 
perform  predictable  activities.  Software 
is  usually  stored  in  magnetic  media; 
such  as,  disks  or  tapes.  Information 
may  also  be  stored  on  non-magnetic 
paper  tape,  punched  cards  or  coding 
sheets. 

System  Software:  programs  which  are 
usually  prepared  by  the  manufacturers 
of  hardware.  These  pre-written  pro- 
grams make  development  and  produc- 
tion of  application  software  practical. 
Included  in  this  category  are:  operating 
system,  compiler,  interpreter,  file 
editor,  command  language  and  various 
utilities  such  as  a sort  program. 
Applications  Software:  a set  of  pro- 
grams which,  when  executed  by  the 
computer,  produces  meaningful  work. 
Such  meaningful  work  might  include 
payroll,  general  ledger,  accounts  receiv- 
able, inventory  control  and  sales  analy- 
sis. Application  software  may  consist 
of  a single  program.  Often,  though,  it 
contains  many  programs. 

Hardware:  tangible  electronic  and 
mechanical  components  which  com- 
prise a computer  system.  This  system 
includes  the  computer  itself  plus 
memory,  controllers,  interfaces,  power 
supplies,  cables  and  peripherals  (print- 
ers, disk  drives  and  keyboards).  Peri- 
pherals are  also  referred  to  as  Input/ 
Output  (10)  devices. 
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ANOTHER  PRIME  OPPORTUNITY  TO  SELL 
TO  THE  EUROPEAN  MARKET 

Microcomputers,  Minicomputers,  Microprocessors,  Peripherals,  Components  and  Services 


A 50%  LARGER  EXHIBITION 
IS  PLANNED 

The  sales  results  IMMM  obtained 
for  its  1977  exhibitors  is  clearly 
Indicative  that  in  1978  more  and 
more  producers  will  be  displaying 
products  for  use  In  every  type  of 
Industrial,  commercial,  consumer 
and  military  application.  Their 
enthusiasm  has  prompted  many 
additional  manufacturers  of  small  computers  (firms 
which  attended  and  observed  in  1977)  to  make  serious 
commitments  regarding  participation  In  the  next  show. 
With  these  new  exhibitors  and  the  Increased  space 
already  requested  by  1977  participants,  IMMM  78  will 
be  a much  larger  show! 

In  1978,  the  kind  of  people  you  want  to  meet  — 
executives,  engineers,  designers,  manufacturing  and 
support  supervisors,  and  others  — will  be  out  In  force 
. . . to  see,  to  learn,  to  BUY.  And  you  will  want  to  be 
there  with  YOUR  products  and  services. 


PROGRAMME  DESIGNED 
TO  ATTRACT  MANY 
MORE  VISITORS 

The  remarkably  large  audience 
of  highly  qualified  and  seriously 
interested  visitors  who  attended 
the  first  IMMM  exposition  was 
obviously  pleased  with  the 
technical  programme.  Comments 
indicate  that  the  programme,  as  well  as  the  exhibition, 
will  be  a key  factor  in  attracting  an  even  larger  group 
of  attendees  to  the  next  show. 

The  1978  programme,  chaired  and  presented  by 
internationally  recognised  experts,  again  will  be  de- 
signed to  offer  the  kind  of  practical  solutions  to  day- 
to-day  problems  that  attendees  seek.  A special  session 
on  “Tips  for  Hobby  Microcomputers’’  is  being  planned. 

SPONSORED  BY  DISTINGUISHED  PUBLICATIONS 

Mini-Micro  Systems  (U.S.A.)  Polyscope  (Switzerland) 

Micomp  (Switzerland)  Markt  Und  Technik  (West  Germany) 


For 

Additional 

Information: 

L 


IN  EUROPE: 

Mr.  Bert  Saunders 
Kiver. Communications  S.A. 
(U.K.  Branch  Office) 
171/185  Ewell  Road 
Surbiton, 

Surrey  KT6  6AX  England 
Telephone;  01-390-0281 
Telex:  929837 


Mr.  Ernest  Jungmann 
Promotion  Marches 
Exterieurs 
Residence  Mexico 
65,  rue  du  Javelot 
75645  Paris  CEDEX  13, 
France 

Telephone:  (1)  583-96-62 
Telex:  210500F 


IN  THE  UNITED  STATES: 

Mr.  Joseph  Maurer 
Industrial  & Scientific 
Conference  Management, 
Incorporated 
222  West  Adams  Street 
Chicago,  Illinois  60606 
Telephone;  (312)  263-4866 
Telex:  256148 


IN  JAPAN: 

Mr.  K.  Yamada 
ISCM  Japan 
Kokado  Building 
1-3-18  Akasaka 
Minato-ku,  Tokyo  107, 
Japan 

Telephone:  03-585-8321 
Telex:  28887 


FEBRUARY  1978  Personal  Computing  43 


Big  Memories  for  Mieros 


BY  CHIP  A.  TYETI 


Intel  2107C  family  of  22-pin  4K  RAMs 


If  you’re  contemplating  adding  big 
memory  chunks  onto  your  micro- 
computer you  may  find  all  the  options 
confusing.  The  accompanying  chart 
gives  you  the  facts  on  what’s  available 
in  16K  or  greater  random  access  mem- 
ory (RAM)  — the  differences  in  capa- 
bility, flexibility,  availability,  price 
and  more.  If  you’re  not  ready  to  add 
on  to  your  system  yet,  just  tear  out 
the  chart  (or  photocopy  it)  for  future 
reference. 

In  the  months  ahead,  we  hope  to 
provide  similar  charts  comparing  small 
memories,  PROM  and  ROM  boards, 

CPU  boards,  I/O  boards,  floppy  disk 
operating  systems  and  other  equip- 
ment needed  to  enhance  your  personal 
microcomputer  system.  We’re  even  open 
to  your  ideas  for  additional  comparative 
charts. 

Random  access  memory,  as  you 
might  know  by  now,  is  the  memory 
which  stores  data  by  address  at  any 
random  location  you  assign  to  it.  You 
can  retrieve  it,  pump  it  out  to  a cas- 
sette, floppy  disk  or  TTY,  modify  it, 
execute  it,  write  completely  over  it, 
or  even  (\vith  appropriate  software) 
move  the  data  to  some  other  location. 


In  other  words,  RAM  memory  is  the 
flexible  storage  space  which  you  need 
in  operating  a micro  system. 

^M  differs  from  ROM  or  PROM 
or  EPROM  in  that  you  can  write  into 
it  immediately  with  no  complex  proce- 
dure or  additional  equipment.  Without 
going  into  it  in  detail,  let’s  say  for  now 
that  ROM’s,  PROM’s,  and  EPROM’s, 
are  essentially  read  only  memories. 

That  is,  you  cannot  write  into  them 
at  all  — not  even  one  byte. 

Most  micros  keep  a maximum  of 
64K  or  65,636  bytes  of  direct  storage 
on-line.  Some  memories  (e.g.  Cromemco) 
allow  for  more  than  64K  on  line  by 
using  the  “memory  bank  select”  fea- 
ture which  provides  for  8 banks  of 
64K  bytes.  An  8-position  DIP  switch 
on  each  board  addresses  any  of  the 
8 banks  and  turns  on  and  off  at  out- 
put port  40H.  A “1”  turns  it  on;  a 
“0”  turns  the  memory  card  (16K)  off. 
This  feature  also  allows  for  a time- 
sharing configuration,  using  a mini- 


Processor  Technology  16KRA  Semi-kit 


mum  of  software.  Eight  people  could 
utilize  a maximum  of  64K  each,  and 
only  one  bank  of  64K  will  be  on-line 
at  one  time. 

Some  microcomputers  have  a limited 
number  of  slots  available  in  the  mother 
board  or  daughter  board.  The  denser 
memory  boards  obviously  take  up 
fewer  slots  in  totaling  64K,  yet  there 
may  be  no  corresponding  increase  or 
decrease  in  the  ratio  of  dollars  per 
kilobyte.  For  example,  four  8K  RAM 
memories  might  cost  $130,  on  the  low 
end,  in  kit  form.  That’s  $520  for  32K 
or  $16.25  per  kilobyte.  The  high  end 
might  be  $225  for  8K  or  $900  total; 
or  about  $28.13  per  kilobyte. 

Comparing  the  low  and  high  ends 
of  a single  32K  board,  we  see  $259 
and  $795  respectively.  Accordingly, 
that’s  about  $8.09  per  kilobyte  and 
about  $24.84  per  kilobyte.  Depending 
on  your  system’s  requirements,  your 
piggy  bank,  board  availability,  your 
time  and  your  aesthetics,  the  cost  per 
kilobyte  can  vary  over  a relatively  wide 
range. 

Static  vs.  dynamic  RAM  boards 
should  also  be  considered.  Static  boards 
generally  require  more  power  than  dy- 
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Mail  Order/ 
Retail  Dealers 

Warranty 

Period 

Manufacturer 

Size  in  K’s 

Price  in  $*s 

Static/Dynamic 

Upgradeable  J 

Memory 
Access  Time* 

Memory 
Cycle  Time  * 

Availability  ** 

Memory 
Chip  Used  *** 

Bus  structure 

Memory  Protect 

Kit/Assembled 

Parity  Option 

Wait  States 

Smallest  Block 
Addressing 

Power  Consumption 

Catalog  Number 
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- 

1 

2108-4 

SlOO 

N 

A 

N 

0 

16K 

16w 

32KRAM  1 

RE 

Y 

CREA  COMP  SYSTEMS 

16 

560 

D 

Y 

250 

575 

1 

2108 

SlOO 

Y 

A 

Y 

0 

4K 

.5w 

MlOO/16  1 

RE 

Y 

16 

485 

D 

Y 

250 

575 

1 

2108 

SlOO 

Y 

A 

N 

0 

4K 

.5w 

MlOO/16  1 

RE 

Y 

32 

990 

D 

N 

250 

575 

1 

2116 

SlOO 

Y 

A 

Y 

0 

4K 

.5w 

Ml  00/32  1 

RE 

Y 

32 

885 

D 

N 

250 

575 

1 

2116 

SlOO 

Y 

A 

N 

0 

4K 

.5w 

MlOO/32  1 

RE 

90D 

CROMEMCO 

16 

495 

D 

N 

200 

_ 

1 

4050 

SlOO 

N 

K 

N 

0 

16K 

15.4w 

16KZ-K  1 

RE 

90D 

16 

795 

D 

N 

200 

- 

1 

4050 

SlOO 

N 

A 

N 

0 

16K 

15.4w 

16KZ-W  1 

RE 

90D 

CYBERCOM 

16 

449 

S 

D 

275 

400 

1 

410D 

SlOO 

Y 

K 

N 

0 

4K 

2.75W 

MB-7  1 

RE 

90D 

DIGITAL  GROUP 

16 

445 

S 

Y 

450 

450 

1 

4044 

DG 

N 

K 

N 

0 

16K 

7.5w 

MEM16  1 

RE 

90D 

16 

495 

S 

Y 

450 

450 

1 

4044 

DG 

N 

A 

N 

0 

16K 

7.5w 

MEM16  1 

RE 

90D 

16 

375 

D 

Y 

450 

- 

3 

4044 

DG 

N 

A 

N 

0 

16K 

Iw 

MEM16  1 

RE 

90D 

32 

650 

D 

N 

450 

450 

3 

4044 

DG 

N 

A 

N 

0 

32K 

Iw 

MEM32  1 

RE 

90D 

32 

750 

D 

N 

400 

400 

1 

4115 

SlOO 

N 

A 

N 

0 

4K 

3.2w 

32K  1 

RE 

90D 

32 

945 

S 

N 

450 

450 

1 

4801 

DG 

N 

A 

N 

0 

32K 

15w 

MEM32  1 

RE 

90D 

64 

1850 

D 

N 

400 

400 

1 

4116 

SlOO 

N 

A 

N 

0 

4K 

3.2w 

64KD  1 

MO 

SOD 

DIGITAL  MICROSYSTEMS 

16 

525 

S 

D 

300 

300 

1 

2114 

SlOO 

Y 

K 

N 

0-1 

4K 

lOw 

16KRAM  1 

MO 

Y 

16 

595 

S 

D 

300 

300 

1 

2114 

SlOO 

Y 

A 

N 

0-1 

4K 

lOw 

16KRAM  1 

RE 

Y 

DYNABYTE 

16 

555 

s 

N 

250 

250 

2 

4044 

SlOO 

Y 

A 

N 

0 

4K 

9w 

1625  1 

RE 

Y 

32 

995 

s 

N 

250 

250 

2 

4044 

SlOO 

N 

A 

N 

0 

4K 

!20w 

3225  1 

RE 

Y 

16 

525 

s 

N 

450 

450 

2 

4044 

SlOO 

Y 

A 

N 

0 

4K 

7w 

1645  1 

RE 

Y 

32 

925 

s 

N 

450 

450 

2 

4044 

SlOO 

N 

A 

N 

0 

4K 

15w 

3245  1 

RE 

Y 

16 

399 

D 

N 

250 

500 

1 

5271 

SlOO 

N 

A 

N 

0 

16K 

5w 

16KDYN.  1 

MO 

90D 

ELEC.  CONTROL  TECH’Y 

16 

450 

s 

N 

450 

450 

1 

4044 

SlOO 

N 

K 

N 

0 

16K 

12w 

16KRAM  1 

MO 

90D 

16 

506 

s 

N 

450 

450 

1 

4044 

SlOO 

N 

A 

N 

0 

16K 

12w 

16KRAM  1 

RE 

Y 

EXTENSYS 

16 

595 

D 

Y 

300 

. 

1 

2109 

SlOO 

Y 

A 

N 

0 

8K 

Iw 

RM64-16  1 

RE 

Y 

32 

895 

D 

Y 

300 

- 

1 

2109 

SlOO 

Y 

A 

N 

0 

8K 

Iw 

RM64-32  1 

RE 

Y 

48 

1195 

D 

Y 

300 

- 

1 

2109 

SlOO 

Y 

A 

N 

0 

8K 

Iw 

RM64-48  1 

RE 

Y 

64 

1495  1 

D 

N 

300 

- 

1 

2109 

SlOO 

Y 

A 

N 

0 

8K 

Iw 

RM64-64  1 

Legend 

MO  Mail  Order  only 
RE  Sells  through  Retailers 

D (Warranty  Period)  prefixed  by  number  of  days 
Y (Warranty  Period)  one  year,  usually  assembled 
units 

D (Uppadeable)  smaller  memory  capacity  available 
and  incrementally  upgradeable 


(Upgradeable)  upgradeable  to  larger  memory  capa- 
city (using  different  chips,  jumpers,  etc.) 

Memory  Access  Time  and  Memory  Cycle  Time  are 
in  nanoseconds 

1= within  one  month;  2=between  one  and  two 
months;  3=beyond  two  months 
Only  the  numeric  code  is  listed  in  indicating  the 
chip  used.  There  should  be  little  difficulty  in 
determining  the  manufacturer  from  this  code 


Lasting  Memory  Listing 


Mail  Order/ 
Retail  Dealers 

Warranty 

Period 

Manufacturer 

Size  in  K’s  | 

Price  in  $’s 

Static/Dynamic  | 

Upgradeable  | 

Memory  I 

Access  Time  * | 

Memory 
Cycle  Time  * 

Availability  **  | 

Memory 
Chip  Used  *** 

Bus  Structure 

Memory  Protect  | 

Kit/Assembled  | 

Parity  Option  | 

Wait  States  | 

Smallest  Block  1 

Addressing  1 

Power  Consumption 

Catalog  Number 

RE 

GIMIX 

16 

S 

450 

4044 

SS-50 

4K 

RE 

Y 

IMSAl 

16 

499 

D 

N 

400 

475 

1 

2104-A4 

SlOO 

Y 

A 

N 

0 

16K 

RAM16 

RE 

Y 

32 

799 

D 

N 

400 

475 

1 

2108-3 

SlOO 

Y 

A 

N 

0 

16K 

RAM32 

RE 

Y 

64 

2649 

D 

N 

400 

475 

1 

2116-3 

SlOO 

Y 

A 

N 

0 

16K 

RAM64 

RE 

Y 

16 

449 

D 

N 

400 

475 

1 

2104-A4 

SlOO 

Y 

K 

N 

0 

16K 

RAM  16 

RE 

Y 

32 

749 

D 

N 

400 

475 

1 

2108-3 

SlOO 

Y 

K 

N 

0 

16K 

RAM32 

RE 

Y 

64 

2599 

D 

N 

400 

475 

1 

2116-3 

SlOO 

Y 

K 

N 

0 

16K 

RAM64 

RE 

90D 

MITS 

16 

360 

D 

N 

350 

_ 

D2104A 

SlOO 

N 

K 

N 

0 

16K 

2.5w 

88-16MCD 

RE 

90D 

16 

395 

D 

N 

350 

- 

D2104A 

SlOO 

N 

A 

N 

0 

16K 

2.5w 

88-16MCD 

RE 

90D 

16 

680 

S 

N 

215 

390 

4200 

SlOO 

N 

K 

N 

0 

16K 

4.9w 

16MCS 

RE 

90D 

16 

785 

S 

N 

215 

390 

4200 

SlOO 

N 

A 

N 

0 

16K 

4.9w 

16MCS 

RE 

90D 

NORTH  STAR 

16 

399 

D 

N 

200 

. 

3 

4027-3 

SlOO 

N 

K 

Y 

0 

8K 

9w 

16KRAM 

RE 

90D 

16 

459 

D 

N 

200 

- 

3 

4027-3 

SlOO 

N 

A 

Y 

0 

8K 

9w 

16KRAM 

RE 

60D 

OHIO  SCIENTIFIC 

16 

596 

S 

N 

2 

4200 

OSI 

N 

A 

N 

— 

0 

16K 

CN3 

MO 

90D 

POLYMORPHIC  SYSTEMS 

16 

495 

D 

N 

375 

525 

4096 

SlOO 

N 

i 

A 

N 

0 

4K 

10.4w 

005  200 

MO 

Y 

PRIME  RADIX 

32 

870 

D 

i Y 

300 

450 

1 

2108 

SI  00+ 

N 

A 

N 

0 

1 8K 

15w 

32K 

MO 

Y 

40 

990 

D 

1 Y 

300 

450 

1 

2108 

S100+ 

N 

A 

N 

0 

8K 

15w 

40K 

MO 

Y 

48 

1110 

D 

Y 

300 

450 

1 

2108 

SI  00+ 

N 

A 

N 

0 

1 8K 

15w 

48K 

MO 

Y 

56 

1230 

D 

Y 

300 

450 

1 

2108 

S100+ 

N 

A 

N 

0 

8K 

15w 

56K 

MO 

Y 

64 

1350 

D 

N 

300 

450 

1 

2108 

S100+ 

N 

A 

N 

0 

8K 

15w 

64K 

RE 

120D 

PROBLEM  SOLVER  SYS. 

16 

599 

S 

N 

250 

_ 

1 

2114 

SlOO 

Y 

A 

N 

0 

4K 

6.5w 

RAM  16 

RE 

120D 

16 

570 

S 

N 

450 

- 

1 

2114 

SlOO 

Y 

A 

N 

0 

4K 

6.5w 

RAM16B 

RE 

120D 

16 

599 

S 

N 

250 

- 

1 

2114 

SlOO 

Y 

A 

N 

0-2 

4K 

6.3w 

RAM65 

RE 

120D 

16 

599 

S 

450 

- 

1 

2114 

SlOO 

Y 

\ 

N 

0-2 

4K 

6.3w 

RAM65B 

RE 

90D 

PROCESSOR  TECH’Y 

16 

369 

D 

N 

400 

520 

1 

4096 

SlOO 

Y 

S 

N 

0 

4K 

5w 

16KRA 

RE 

90D 

16 

399 

D 

N 

400 

520 

1 

4096 

SlOO 

Y 

A 

N 

0 

4K 

5w 

16KRA 

MO 

90D 

S.D.  SALES 

16 

259 

D 

Y 

375 

500 

1 

4115 

SlOO 

Y 

K 

N 

0 

! 8K 

10.9w 

EXPANDO 

MO 

90D 

24 

367 

D 

Y 

375 

500 

1 

4115 

SlOO 

Y 

K 

N 

0 

i 8K 

10.9w 

EXPANDO 

MO 

90D 

32 

475 

D 

|Y 

375 

500 

1 

4115 

SlOO 

Y 

K 

N 

0 

8K 

10.9w 

EXPANDO 

RE 

90D 

SEALS 

32 

750 

D 

Y 

400 

400 

1 

4115 

SlOO 

N 

A 

N 

0 

4K 

3.2w 

32KDS 

RE 

90D 

64 

1850 

D 

N 

400 

400 

1 

4116 

SlOO 

N 

A 

N 

0 

4K 

3.2w 

64KDS 

RE 

90D 

SMOKE  SIGNAL  BDCSTNG 

16 

529 

S 

N 

450 

- 

1 

4044 

SS-50 

Y 

A 

N 

0 

4K 

1 lOw 

M-16A 

RE 

90D 

SPACE  BYTE 

16 

599 

S 

N 

450 

_ 

1 

4044 

SlOO 

Y 

A 

N 

0 

4K 

12.8w 

16K 

RE 

90D 

16 

599 

S 

N 

250 

- 

1 

4044 

SlOO 

Y 

N 

0 

4K 

12.8w 

16K-25 

RE 

90D 

TECH’L  DESIGN  LABS 

16 

699 

S 

D 

250 

400 

1 

4200 

SlOO 

Y 

K 

N 

0 

4K 

5w 

Z16 

RE 

90D 

16 

574 

S 

D 

280 

450 

2 

4050 

SlOO 

N 

A 

N 

0 

4K 

5w 

Z16 

RE 

90D 

16 

699 

D 

D 

280 

400 

2 

4050-2  i 

SlOO 

N 

A 

N 

0 

4K 

2.7w 

D16 

RE 

90D 

32 

869 

D 

N 

250 

400 

2 

4050-2 

1 

SlOO 

N 

A 

N 

0 

4K 

3w 

D32 

Legend 


Mail  Order  only 
Sells  through  Retailers 

(Warranty  Period)  prefixed  by  number  of  days 
(Warranty  Period)  one  year,  usually  assembled 
units 

(Upgradeable)  smaller  memory  capacity  available 
and  incrementally  upgradeable 


Y (Upgradeable)  upgradeable  to  larger  memory  capa- 
city (using  different  chips,  jumpers,  etc.) 

* Memory  Access  Time  and  Memory  Cycle  Time  are 
in  nanoseconds 

**  1= within  one  month;  2=between  one  and  two 

months;  3=beyond  two  months 

♦♦♦  Only  the  numeric  code  is  listed  in  indicating  the 
chip  used.There  should  be  little  difficulty  in 
determining  the  manufacturer  from  this  code 


namic  boards  and  they’re  relatively 
less  expensive  on  the  whole,  but  they 
involve  simpler  circuitry.  Dynamic 
RAM’s  require  refreshing.  Sometimes 
this  refresh  is  “invisible”  to  the  CPU. 
That  is,  the  CPU  has  no  idea  that 
refreshing  is  going  on  — it  takes  no 
part  in  the  refresh.  Other  boards  affect 
the  CPU  during  refresh  by  halting  all 
operations  which  may  affect  the  actual 
throughput  of  the  microprocessor. 

Dynamic  RAM  chips  are,  in  fact,  less 
expensive  than  static  RAM  chips  on  a 
chip  by  chip  basis.  Yet,  the  printed 
circuit  board  technology  is  much  more 
expensive.  Several  dynamic  RAM  mem- 
ory boards  are  designed  to  be  more 
than  the  standard  two  surfaces  (one  or 
more  planes  of  circuitry  sandwiched 
in  between  the  top  and  bottom  of  the 
board).  This  protects  the  circuitry 
from  excessive  noise  and  other  random 
problems  that  could  aggravate  a mem- 
ory board. 

Another  important  consideration  in 
buying  more  RAM  is  whether  a mem- 
ory board  can  be  upgraded  to  more 
memory  (in  small  increments  or  as  a 
single  final  increment).  Give  some 
serious  long-range  thought  to  buying 
one  board  and  adding  sockets,  chips, 
and  jumpers  to  upgrade  it. 

Memory  access  time  also  significantly 
relates  to  the  CPU.  If  you  have  a 6502, 
6800  or  8080,  your  system  runs  at  2 
mHz  or  around  500  nanoseconds.  If  you 
have  an  8085,  it’s  3 mHz  or  about  330 
nanoseconds.  Z80  CPU’s  run  at  4 mHz 
or  250  nanoseconds.  Keep  these  speeds 
and  times  in  mind  when  checking  the 
price  structure  in  the  table. 

Note  the  difference  between  retail 
and  mail  order  availability.  Mail  order 
may  be  less  expensive,  but  access  to 
the  company  may  be  difficult  or  im- 
mediately impractical.  Boards  sold 
through  retailers  imply  service  back- 
up and  in-hand  analyses  of  the  board 
on  a relatively  immediate  level.  Again, 
you  must  decide  what’s  more  important 
to  you. 

The  primary  chip  used  in  the  mem- 
ory board  is  listed,  though  it  probably 
won’t  affect  your  decision  all  that  much. 

Availability  is  noted  in  terms  of  0- 
30  day  delivery  (=1),  31-60  days  (=2), 
and  over  60  days  (=3).  Give  a manu- 


With  the  lar^e 
number  of  sources 
and  variations  of 
memory  around,  you 
should  use  caution 
when  assessing  your 
needs  and  your 
expectations  of  a 
system.  Think  ahead 
and  you’ll  do  fine. 


facturer  at  least  four  weeks  from  when 
you  mail  in  your  order  and  money 
until  delivery  of  the  memory.  Most 
sources  listed  accept  Visa  or  Master 
Charge.  Nearly  all  sources,  however, 
encounter  some  delay  when  personal 
checks  must  clear  the  bank.  If  you 
want  memory  in  a hurry,  send  a bank 
money  order  or  certified  cashier’s 
check. 

Most  of  the  boards  listed  in  the 
table  are  of  the  “S-100”  bus.  Some 
are  of  the  SS-50  bus  (SWTP  6800), 
some  Digital  Group,  others  something 
else.  A few  memories  (e.g..  Prime  Radix) 
are  available  in  S-100  bus  format  and  in 
an  additional  format. 

If  you  don’t  want  to  lose  your 
program  or  data,  check  for  memory 
protect.  This  feature,  also  known  as 
“write  protect”,  prohibits  data  from 
going  into  a given  memory  block  once 
data  has  been  initially  entered  into  it. 

It’s  like  a read  only  memory  while  the 
memory  protect  switch  is  on. 

Kits  generally  cost  less  than  their 
corresponding  assembled  version. 
Semi-kits  (from  Processor  Technology) 
are  partly  assembled  kits  and,  logically, 
cost  between  the  kit  price  and  fully 
assembled  price. 

A few  companies  offer  parity  check- 
ing compatabihty  as  an  option.  Gen- 
erally software  controlled,  it  simply 
checks  whether  the  bits  read  in  per 


byte  are  of  an  odd  or  an  even  parity. 

If  the  parity  check  conflicts  with  the 
byte  parity  (e.g.,  the  parity  bit  is  odd 
and  the  sum  of  all  bits  in  the  designated 
byte  is  even),  then  it  detects  an  error. 
You  must  decide  the  potential  and 
importance  of  parity  in  your  own 
system  before  buying. 

Nearly  all  the  boards  listed  in  the 
chart  do  not  provide  for  wait  states  — 
but  the  CPU  won’t  require  them  if 
you  match  the  appropriate  access  time 
to  your  system’s  CPU  chip.  If  you 
have  special  requirements  or  slower 
memory  chips,  providing  for  wait 
states  is  significant. 

Addressing  your  memory  board 
may  be  just  one  contiguous  mem- 
ory using  only  one  initial  address.  If 
you  have  ROM’s  or  PROM’s  spaced 
intermittantly  throughout  the  mem- 
ory, you  should  skip  over  these  ROM 
addresses  (otherwise  you’ll  waste  mem- 
ory space). 

Some  boards  can  be  addressed  in 
4K  blocks,  allowing  for  a degree  of 
flexibility  in  locating  memory.  Crea- 
Comp  Systems  offers  their  four  boards 
with  ROM  lockout,  a feature  that  allows 
you  to  address  a board  into  memory 
containing  ROM.  When  the  memory 
senses  the  ROM,  it  will  skip  over  it 
and  continue  on  the  other  side.  This 
is  a great  boon  for  those  of  us  with 
ROM’s  floating  everywhere  in  the 
memory  addresses. 

Finally,  the  power  consumption 
column  will  give  you  an  idea  of  how 
power  requirements  vary  drastically 
from  one  board  to  another.  Consider 
your  system’s  limitations  when  con- 
templating a board  with  high  wattage. 

Some  columns  lack  data,  and  other 
data  may  change  by  the  time  you  read 
this,  but  it’s  all  close.  Once  we  compile 
some  other  comparative  charts  for 
your  reference  you  can  start  your  own 
Personal  Computing  reference  guide 
which  you  can  add  to  and  adjust  as  the 
industry  and  products’  specifications 
change. 

With  the  large  number  of  sources 
and  variations  of  memory  around,  you 
should  use  caution  when  assessing 
your  needs  and  your  expectations  of 
a system.  Think  ahead  and  you’ll  do 
fine.  |N 
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Technology 
and  the  times: 

COMPUTER 

GRAPHICS 

BY  NEESA  SWEET  AND 
VICKY  O’HARA 


As  computer  people,  we’re  just  coming 
of  age.  And  computer  graphics,  which 
make  TV-video  games  possible,  is  a fas- 
cinating utilization  of  the  computer,  our 
most  fascinating  toy. 

Larry  Cuba,  a 27-year-old  comput- 
er filmmaker  from  Los  Angeles,  fore- 
sees a bright  future  for  computer  graph- 
ics. Currently  a research  associate  at 
the  University  of  Illinois,  Cuba  knows 
something  about  computers  — he’s  the 
guy  behind  the  computer  animation 
sequence  in  the  movie  Star  Wars.  He’s 
also  worked  with  the  studio  which 
gave  birth  to  the  ABC  logo,  7-Up  com- 
mercials and  other  sequences  using  com- 
puter animation. 

Computer  graphics  have  found  a 
place  in  our  everyday  lives.  The  com- 
plex systems  once  used  primarily  for 
industrial  design  have  become  child- 
ren’s toys  on  a Saturday  afternoon. 

We  are,  Cuba  said,  becoming  a “com- 
puter people”,  just  as  we  became  a 
“car  people”  and  a “camera  people”. 
Owners  of  the  first  cars,  he  reminisced, 
had  to  be  mechanics  just  to  survive 
two-block  jaunts  to  the  store.  And 
the  first  photographers  had  to  make 
their  own  plates,  mix  their  own  solu- 
tions, and  develop  and  print  their  own 
film.  Then,  as  technology  improved. 


Raster  scan  graphics,  still  to  costly  for  home  computer  sys 


Above:  The  first  realization  of  the  image  presents  its 
as  a white  pattern  on  a dark  background.  Right:  Eg 
frame  of  the  Death  Star  trench  was  constructed  on  ^ 
cathode  ray  screen. 
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terns,  produce  high  resolution  color  images. 


everyone  operated  cars  and  the  cam- 
era became  as  commonplace  as  the 
ballpoint  pen. 

Computers  have  followed  the  same 
trail.  Today,  everyone  walks  around 
with  little  calculators  in  their  pockets. 
Soon,  a computer  in  every  home  may 
replace  a chicken  in  every  pot.  And 
computer  graphics  will  be  part  of  the 
change. 

Computer  graphics  serve  architects, 
engineers  and  particularly  the  aerospace 
industry.  Companies,  such  as  Boeing, 
use  computer  graphics  to  design  com- 
plex electrical  systems  for  large  aircraft. 
One  of  the  earlier  animated  films  util- 
izing computer  graphics  was  used  at  a 
Seattle  airport  to  simulate  the  pilot’s 
view  as  he  landed.  With  this  film  as 
prototype,  various  cockpit  designs  were 
tested  for  pilot  visibility. 

Computer  graphics  have  also  grown 
in  film  and  video,  rapidly  becoming 
an  important,  recognized,  new  art  form. 
In  art,  Cuba  worked  extensively  with 
John  Whitney,  a computer  art  pioneer, 
who  has  been  in  the  film  industry  since 
the  40s.  Whitney  spent  years  tinkering 
with  mechanical  devices,  analog  control 
machines,  to  animate  images.  Whitney's 
work  led  him  to  digital  computers  in 
the  60s. 

Whitney’s  film,  “Permutations”,  was 
one  of  the  first  animated  films  created 
by  an  artist  for  a non-technical  purpose. 
Cuba  calls  Whitney  the  “father  of  com- 
puter art”. 

Cuba’s  computer  system,  which  con- 
trols the  camera,  is  ideally  suited  to 
making  films. 

In  animation,  such  as  cartoon  anima- 
tion, images  are  put  on  film  and  run  at 
a speed  of  24  frames  per  second,  creat- 
ing the  illusion  of  motion.  This  projec- 
tion of  a series  of  still  pictures  at  high 
speed,  is  the  basis  for  animation.  When 
the  camera  is  integrated  into  the  com- 
puter, the  tedious  task  of  the  animator 
becomes  much  simpler. 

Computer  animation  works  on  much 
the  same  principle,  with  the  images  pro- 
grammed first  into  a computer,  then  to 
film.  Basically,  the  system  works  like 
this:  once  the  desired  image  is  pro- 
grammed into  the  computer,  a beam 
of  electrons  connects  the  points  by  a 
series  of  straight  lines  which  appears 
on  the  screen  of  a cathode  ray  tube 
(CRT).  The  first  realization  of  the  im- 
age presents  itself  as  a white  pattern 
on  a dark  background.  The  artist  then 
modifies  the  design  to  suit  his  needs. 

continued  on  following  page 
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When  completed,  the  design  may 
be  recorded  on  film  using  an  intercon- 
nected camera,  or  the  computer  can 
mechanically  plot  the  picture  on  pa- 
per, using  black  or  colored  inks.  The 
image  can  be  reproduced  by  rerunning 
the  program  and  replotting  the  results. 
The  technique  is  similar  to  lithography, 
where  the  image  is  drawn  into  stone 
and  then  reprinted  on  paper. 

Using  this  method,  Cuba  created 
the  40  second  animation  of  the  Death 
Star  trench  in  Star  Wars.  It  took  months 
of  programming,  over  12  hours  of 
shooting  time,  a computer  at  the 
University  of  Illinois  and  a com- 
puter language  called  GRASS. 

^uba  first  became  involved  with  Star 
^Wars  a year  ago  January  when  the 
film’s  director,  George  Lucas,  on  the 
lookout  for  a computer  animationist, 
viewed  Cuba’s  film  “First  Fig”.  Cuba 
submitted  a proposal  and  got  the  job. 

Cuba’s  scene  begins  with  General 
Dodonna  explaining  a dangerous  mis- 
sion to  Luke  Sky  walker  and  other  star- 
pilots  and  navigators  of  the  rebel  forces. 
Their  mission?  Destroy  the  Death  Star. 
We  see  Luke  and  the  others  assembled 
in  a long,  narrow  room,  watching  a 
computer  screening  of  the  one  flaw  in 
the  Death  Star.  The  General  gestures 
towards  the  diagram  as  he  explains  how 
the  Empire  can  be  attacked. 

“You’re  required  to  maneuver 
straight  down  this  trench  and  skim  the 
surface  to  this  point,”  the  General  ex- 
plains. “The  target  area  is  only  two 
meters  wide.  It’s  a small  thermal  ex- 
haust port.  The  shaft  leads  directly  to 
the  reactor  system.  A precise  hit  will 
start  a chain  reaction  that  should  des- 
troy the  station  . . . Man  your  ships, 
and  may  the  Force  be  with  you.” 

The  computer  schematic  helping 
General  Dodonna  explain  the  destruc- 
tion of  the  Death  Star  was  actually  a 
piece  of  film  being  projected  onto  the 
rebels’  computer  screen.  On  the  screen 
for  only  40  seconds,  it  was,  nonetheless, 
the  result  of  months  of  work.  It  utilized 
the  best  in  computer  hardware  tech- 
nology. It  also  employed  a unique  soft- 
ware system  that  enabled  the  computer 
to  be  used  not  only  for  the  creation  of 
art  but  also  as  a new  educational  tool. 

For  Cuba,  filming  the  sequence  was  a 
tough  problem.  His  assignment  was  to 
simulate  the  pilot’s  mission  viewed 
from  the  approach  to  the  Death  Star 
and  throu^  its  flight  down  the  trench 
at  its  surface.  The  schematic  was  to 
match  the  reality  of  the  trench  itself 


in  all  its  complexity. 

Basically,  there  are  two  ways  such 
an  effect  can  be  created  in  film.  The 
classic  “blue  screen”  method,  where 
the  rebels  actual  computer  screen 
would  be  sohd  blue  in  the  live  action 
filming  to  allow  later  superimposing 
of  the  animation  sequence,  or  a “rear 
projection”  method  where  the  film 
on  the  screen  is  preshot  and  the  final 
sequence  is  shot  as  a whole  unit.  Lucas 
preferred  the  second  approach  to  keep 
a feeling  of  reality  and  continuity. 

Since  the  trench  had  not  been  created 
at  the  time  the  effect  was  needed  for 
the  film,  Cuba  had  to  proceed  with 
what  he  had.  Cuba  used  models  of  each 
of  the  six  component  modules  of  the 
Death  Star  trench,  and,  in  some  cases, 
photographs.  He  also  used  the  com- 
puter animation  setup  at  the  Circle 
Graphics  Habitat  at  the  University  of 
Illinois,  Chicago  Circle  Campus,  Chem- 
istry Department. 

'T'he  Graphics  Habitat  system  at  the 

University  blends  computer  and  tele- 
vision technology  to  open  the  doors 
of  computer  creation  to  educators, 
artists  and  others  — even  if  they  don’t 
know  computer  programming.  Rather 
than  programming  each  command,  a 
series  of  analog  instruments  allows  the 
operator  to  form  a direct  relation  be- 
tween his  actions  and  the  image  on  the 
cathode  ray  screen. 

The  system  provides  a simple  way 
of  creating  images  that  can  vary  in 
length,  width  and  height.  The  system 
can,  over  a time  span,  also  change  the 
intensity  or  color  of  an  image.  “It’s  a 
fun  system  to  use,  like  a three-dimen- 
sional chalkboard,”  said  Cuba.  “And 
that  encourages  its  success.” 

At  the  heart  of  the  system  is  a Vec- 
tor General  3DI  CRT  with  dials,  light 
pen  and  an  electronic  tablet.  Com- 
mands fed  into  the  attached  minicom- 
puter instruct  this  device  to  draw  lines 
between  various  points.  A PDP-1 1/45 
minicomputer  performs  the  actual 
computations  necessary  to  make 
pictures. 

The  CRT  allows  the  operator  to 
control  the  image  on  the  screen.  Fig- 
ures can  be  called  up  and  manipulated, 
or  images  can  be  traced  on  the  tablet. 
Electronic  impulses  sense  where  the 
pen  is  at  various  points  in  time.  The 
coordinates  of  these  points  are  picked 
up  and  transferred  as  an  image,  with  con- 
necting lines,  to  the  screen  via  the  mini- 
computer. 

The  Vector  General  and  the  mini- 


Cuba  completed  his  work  at  the  University 
Graphics  Habitat. 
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computer  are  also  hooked  up  to  an 
“image  processor”  and  other  video 
equipment,  all  of  which  allow  the 
operator  to  place  any  desired  image 
on  tape.  In  the  case  of  the  Star  Wars 
sequence,  the  output  had  to  be  on 
film.  This  was  done  directly  off  the 
Vector  General’s  screen.  The  method 
employed  a standard  Mitchell  35  ani- 
nimation  motor,  linked  to  the  com- 
ter.  The  screen  and  camera  nested 
under  a shroud  for  extra  light  protection. 

The  use  of  GRASS  made  the  filming 
of  Star  Wars  feasible.  GRASS  (Graphics 
Symbiosis  System)  is  a computer  lan- 
guage developed  in  1973  by  Thomas 
A.  De  Fanti,  then  a graduate  student 
at  Ohio  State  University.  De  Fanti’s 
original  purpose  was  to  provide  a meth- 
od for  artists  to  explore  computer  art 
without  the  help  of  a programmer. 
GRASS  provides  a system  of  easy-to- 
learn  commands  that  perform  a variety 
of  tasks  with  a minimum  of  repetition. 

To  demonstrate  the  language,  Cuba 
produced  a graphic  representation  of 
the  chemical  structure  of  a starch  mol- 
ecule. When  the  hexagonal  molecule 
appeared  on  the  screen,  Cuba  rotated 
it  on  various  axes  and  even  added 
another  stored  figure,  a propeller.  He 
simulated  an  airplane  flying  a path 
over  the  screen.  Instead  of  computing 
the  mathematical  location  of  where 
the  starch  molecule  was  and  where  it 
had  moved,  he  simply  turned  dials 
unitl  the  image  looked  right.  It  is  this 
instant-feedback  type  of  setup  — the 
capability  of  changing  an  image  with 
dials  and  other  physical  devices  — that 
separates  GRASS  from  other  digital 
concepts  and  systems. 

T^OT  Star  Wars,  Cuba  ran  his  program 
^ in  GRASS  with  a few  additions.  On 
a previous  visit  to  the  University  of 
Illinois  he  had  written  the  tablet  pro- 
gram that  made  possible  the  use  of 
two-dimensional  free-hand  drawings 
on  the  tablet.  The  shape  of  the  free- 
hand drawing  became  a list  of  points 
on  the  tablet  which  were  then  trans- 
ferred to  the  computer.  The  points 
were  stored  so  that  the  operator  could 
recall  the  image  from  memory  at  any 
time.  This  program  was  still  two-dim- 
ensional and  not  sufficient  for  entering 
the  coordinates  of  the  Death  Star  trench 
models,  which  had  a third  dimension, 
height.  However,  to  rotate  the  objects 
on  the  screen,  three  dimensions  had  to 
be  introduced.  The  tablet  program  had 
to  be  changed.  GRASS  was  capable  of 
working  in  three  dimensions,  provided 


that  three  dimensions  were  inserted 
into  the  program. 

Cuba  rewrote  the  program  to  allow 
for  this  visual  magic.  Instead  of  picking 
up  two-dimensional  coordinates  at  every 
point,  the  program  would  stop  and  wait 
for  a third  “Z”  (height)  to  be  entered. 

In  this  manner,  a three  dimensional 
drawing  could  be  placed  in  the  comput- 
er and  manipulated  by  GRASS. 

Cuba  used  a photograph  of  the 
Death  Star  (taken  from  a mat  painting) 
to  form  the  computer  picture.  The 
geometric  design  of  the  computer  pic- 
ture, consisting  of  circles  and  arcs, 
permitted  control  by  the  operator. 

The  picture  on  the  computer  screen 
could  be  rotated  or  made  larger  or 
smaller  by  manipulating  the  dials. 

“To  complete  the  shot,”  said  Cuba, 

“I  had  to  continue  the  pilot’s  view  of 
the  Death  Star  to  include  the  flight 
down  the  trench  to  the  target  at  the 
end.  The  trench  shown  in  the  film  was 
made  up  of  hundreds  of  models,  while 
six  basic  shapes  formed  the  40-foot 
long  trench.  I worked  from  each  of 
the  six  basic  modules  and  photographs 
of  the  trench  as  it  was  constructed. 

First,  a computer  representation  of 
each  model  was  made  by  using  num- 
bers to  indicate  line  points.  A photo- 
graph of  each  model  was  first  placed 
on  the  data  tablet.  By  pressing  on  the 
pen,  the  object  being  created  appeared 
on  the  computer  screen  and  a cursor 
indicated  the  current  position  of  the 
pen.  The  height  of  the  point  (“Z”  co- 
ordinate) was  entered  separately  by 
selecting  one  of  the  function  buttons. 
Another  button  (reflected  in  the  dis- 
play) specified  whether  or  not  a line 
was  to  be  drawn  between  points.  To 
monitor  the  construction  from  two  to 
three  dimensions,  the  Vector  General 
dials  were  used  to  rotate  the  picture  and 
examine  it  from  all  sides.  This  process 
is  called  “digitizing”,  which  means 
numbers  are  used  to  indicate  endpoints 
of  lines. 

With  the  six  basic  modules  stored  in 
his  computer,  Cuba  wrote  a program 
to  combine  the'  modules  into  larger 
structures.  His  computer  version  of 
the  trench  was  constructed  of  U-shaped 
sections  placed  side  by  side.  “To  make 
one  of  these  sections,”  he  explained. 

“I  recalled  a digitized  module  from 
memory  and  positioned  it  using  the 
dials.  Then  I added  a second  mod- 
ule and  continued  in  this  way  until 
the  ‘U’  was  formed.  The  completed 

Continued  on  following  page 


FEBRUARY  1978  Personal  Computing  51 


The  Star  Wars  pilots  assemble  in  a room  to  watch  a computer  screening  of  the  one  flaw  in  the  Death  Star. 
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figures  could  then  be  moved  as  a unit. 
To  complete  the  trench,  more  than 
50  U-shaped  sections  were  constructed 
and  stored.” 

Once  the  components  were  com- 
pleted, each  image  that  was  to  be  part 
of  the  finished  film  had  to  be  shot. 

Each  frame  required  about  two  min- 
utes for  construction.  Each  shape  was 
first  shown  in  perspective  by  the  com- 
puter and  then  combined  with  four 
others  to  form  a single  frame  of  the 
film.  After  completing  the  computer 
construction  for  each  frame,  the  pro- 
gram cued  the  camera  and  the  exposure 
was  made.  Two  thousand  exposures 
later,  Cuba  had  the  finished  trench 
sequences  on  film.  Two  minutes  of 
this  time-lapse  photography  came 
from  about  12  hours  of  “real  time”. 
From  the  two  minutes  of  time-lapse, 
only  40  seconds  actually  appear  on 
General  Dodonna’s  screen. 

With  the  trench  problem  out  of  the 
way,  Cuba  then  left  for  Chicago  to 
continue  his  work  at  the  university 
with  two  programmers,  T.J.  O’Donnell 
and  Tom  Chomica;  a photographer  to 
shoot  the  models;  and  a number  of 
University  of  Illinois  students. 


Each  model  had  to  be  carefully 
measured.  Heights  were  precisely  re- 
corded at  the  correct  points  so  that 
Cuba  would  know  which  height  to 
add  to  the  other  coordinates  at  the 
moment  of  filming.  The  process  in- 
volved many  time-consuming  calcula- 
tions. It  also  involved  slow  presentation 
of  many  pictures  that  had  become  com- 
plex with  newly-constructed  vectors. 
Time  was  running  short  and  the  pro- 
gram still  needed  to  be  debugged. 

As  the  deadline  for  completing  the 
sequences  approached,  the  situation 
became  tense.  Then,  the  hardware 
started  breaking  down.  They  tried 
everything.  They  removed  the  disk, 
cleaned  it,  took  it  apart  and  each  time, 
30  minutes  later,  CRASH!  Something 
would  not  let  the  program  complete 
its  run. 

After  working  feverishly  up  until  two 
days  before  deadline,  Cuba  decided  to 
call  Los  Angeles  on  Monday  and  tell 
them  he  was  having  equipment  prob- 
lems. They  would  have  to  go  with  the 
blue  screen  method  — there  was  no 
longer  any  choice.  Just  as  he  was  about 
to  give  up,  Cuba  accidently  found  the 
solution.  The  air  conditioner  was  foul- 
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ing  up  the  hardware.  One  of  the  com- 
puter circuits  was  too  sensitive.  It  could 
not  stand  the  consistently  low  tem- 
peratures under  which  computers  work. 
Turning  off  the  air  conditioner  during 
the  computer  run  allowed  the  com- 
puter to  finish  without  breakdown. 

The  film  ran  without  a hitch  all  the 
next  day  and  was  shipped  out  in 
time  for  the  final  shooting. 

T n the  end,  the  computer-animated 
'"“sequence  was  impressive.  But  Cuba 
doesn’t  think  such  complicated  photo- 
graphy will  start  an  avalanche  of  com- 
puter animation  in  feature  films.  He 
does  insist,  though  that  there’s  a valuable 
lesson  to  be  learned  from  Star  WarSy  a 
lesson  which  should  make  computer 
graphics  an  integral  part  in  the  evo- 
lution of  entertainment. 

Most  feature  films,  he  explained,  are 
dramas  based  on  basic  confilicts  and 
resolutions.  “So,  if  you  already  know 
the  ending,”  he  says,  “you  can’t  really 
enjoy  it  beyond  that  point.  But  if  you 
go  to  a museum  to  see  an  abstract 
painting,  you  can  see  it  many  times 
without  knowing  how  the  painting 
comes  out.  You  go  there  to  enjoy 
a visual  experience,  the  same  way  you 
might  listen  to  a record  or  a piece  of 
music  many  times  even  though  you 
know  how  the  finale  sounds. 

“And  Star  Wars""  he  continued, 
“doesn’t  seem  to  be  hurt  by  repetition. 
They  get  that  thrill  from  the  explosions, 
the  sounds  - everything  that’s  going  on 
visually  and  aurally.  They  get  the  same 
excitement  every  time  they  see  the  film 
even  though  they  know  who’s  going  to 
win  in  the  end.” 

Cuba  says  this  lesson,  coupled  with 
the  refinement  of  videodiscs  — which 
will  allow  the  public  to  watch  films  of 
their  own  choosing  on  television  — will 
create  a demand  for  more  films  like 
Star  Wars  that  provide  visual  and  aural 
experiences  long  after  the  bad  guys  are 
dead.  He  believes  that,  in  the  future, 
people  will  buy  videodiscs  the  same 
way  they  now  buy  records.  People  will 
demand  something  enduring  for  their 
money.  And  therein  lies  a vast  potential 
for  computer  graphics  and  for  the 
people  involved  in  the  computer  sciences. 

For  the  first  time,  computer  graphics 
will  become  accessible  to  the  masses  as 
an  art  form.  And  Cuba  believes  that 
computer  people  eventually  will  en- 
shrine the  art  of  our  age  in  museums 
and  libraries,  alongside  the  once  bas- 
tard, and  now  legitimate,  photography. 
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PLAY 

STAR  WARS 

BY  JERRY  SELF 


Trust  the  Force.  Go  with  your  instincts  and  destroy  the  Death- 
star.  Fly  Luke  Skywalker’s  fighter  ship  against  the  ultimate 
weapon  of  the  Grand  Moff  Tarkin.  Try  playing  STAR  WARS] 

As  in  the  movie,  the  task  at  hand  involves  bombing  a small 
shaft  in  the  Death  Star  before  the  Death  Star  destroys  the  moon 
on  which  the  rebel  base  is  located.  The  bomb  trajectory  appears 
as  a trail  of  descending  asterisks.  The  bomb  has  a range  of  six 
spaces. 

Bombing  the  shaft  within  the  ten  turns  allotted  is  actually 
rather  easy.  Easy  except  for  contending  with  Imperial  Fighters. 
If  you  don’t  destroy  the  Death  Star  or  eliminate  the  fighter 
within  two  turns,  the  Imperial  Fighter  will  shoot  you  down. 
Unless,  of  course,  Han  Solo  in  his  Millenium  Falcon  comes 
to  the  rescue. 

You  can  adjust  the  Death  Star  grid.  Use  a 10,  20  grid  for 
an  easy  beginner’s  game.  A more  challenging  20,  60  grid  just 
fills  a 24-line  CRT.  Experimenting  with  short  and  wide  or  tall 
and  skinny  grids  brings  some  unusual  results. 

For  the  more  challenging  sizes  you  might  want  to  add; 

960  ON  Z GOTO  965,970,980 

965;  “IMPERIAL  FIGHTER  CLOSING  IN’’  & Z=Z+1  & GOTO 
1 140.  That  will  give  you  a third  chance  to  hit  the  fighter. 

Imperial  Fighters  are  randomized  to  show  up  about  half  the 
time.  Thirty  percent  of  the  time,  in  random  pattern.  Solo  will 
destroy  them  for  you.  Changing  the  “.5”  in  line  910  will  con- 
trol the  percentage  of  appearances  of  Imperial  Fighters.  The 
“.3”  in  line  250  affects  the  rescue  rate  of  Han  Solo.  The  FOR 
J=1  TO  5 instruction  in  line  320  controls  the  range  of  the 
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110  INPUT  A.^  K TE  ATis''Y”  THEN  5?0 
120  OIM  G(60,60) 

125  ♦ POSI  T YOKING  the  TARGET 
130  ClsINTCWNOd  WS1)  A IP  Cl  = 0 then  130 
lao  C?*INT  (PNOn  )*S?)  A If  C^sO  Th£(M  IZIO 
150  T2ST2+1  A K.M.ZsO 
155  ★ INITIALING  The  GPU) 

160  FOR  Isl  TO  SI 
170  FOP  Jsl  TO  S? 


20  OH  CHALL£NGE»20r aO," 


180  G(I.Jl="  " 
i?9  d'f  ^T  I 

sN-l~i  f^Ni^MT 


200  G(Cl,C2)r2 
205  * thf^PLAY 

IJ8  flsN-l~i  ^^NiW^*lMUTt■S  TIL  OEATHSTaH  CLEARS  PLANET,” 
230  GnsuB  9oo 

235  * HANDUVJZING  HAN  SOLO  TO  The  HESCI'E 
2^0  IF  Z>0  then  2S0X.  (;oT|)  280 

250  MsINT(HND(0TE,3)  & IF  THEN  260K  GOTO  280 

260  0(C3  C«)s'»  " I 7si) 

270  1 ^h^n  Smo  H^s  ELIMINATED  THf  IMRerIaL  FIGHTER,” 


T^rOFiING  The 

f ^ I "FNTEP  iiufiROlMATES"i  it  INPUT  x INPUT  Y 

IF  x<l  Then  2m*u  IF  x>S1  thFn  2e40(C  TF  y<1  Them  2h0&  IF  Y>S2  ThEn  2e0 
i^:  ' ‘ ’ “ 


iTS 
280 
2q0 

300  \r  r IX,  , _ 

315  * CHECKING  FUR  strike 
32o  for  Jsl  TO  5 
330  IF  X + J>S1  ThE^'  360K,  IF  Y>J>S2  THEN  360 
340  IF  G(X  + J,Y>J)-2  then  460ii  IF  G(X>J,YfJ)c4  THEN  710 
350  G(X4J,Y+J)S1 
- U NEXT  J 

GO  SUB  74(1 
NEXT  1 

♦ REPORTING  UHTrO'^'E  OF  GA^'E 

I ”THE  DFaTHrtaR  has  destroyed  THE  REBEL  BASE." 

I «Y1)II  AkE  HQ'IFI.FSS  and  losing  pU'.iEw,’'  K '^s»10 
, "DAR  Th  VADEH  hill  GET  YOU,”  jt  GOTO  480 
G(x-Y)  = 3 *.  GOSMH  74  0 

t ”U  I IMMEDIATE  DIRECT  HiTMl  yOU  have  DESTROyED  The  DEATHSTAR” 
I "AND  Saved  Thf  rebel  cause  I”  li  v*'5N*io 

. , GOTO  480 

460  G(X  + J,Y^j)-3  < Gi.SUM  7a0 

4i?0  I HYUU  have  DFSTROYFD  the  DEATHSTARi"  & WSN*5 
aAo  K I '’SC'iRF  This  GAME-«jH,"TOtAL"lTd”AVERAGE”lTi/T2 

485  t ”00  YOU  want  to  PLaY  aGaIN  Y/N"f 
K IF  a^s'»Y«  jhFN  130 


Ik 

390 
4 00 
410 
420 
430 
440 
450 


490 

500 

510 

515 

520 

530 

540 

550 

560 

570 

580 

59o 

600 

610 

118 

640 

670 

680 


t ”oA  YUU 

iNpin  A;F  . . 

I ”MAY  Tht  FOPCF  HE  wITH  YUU” 
EmD 


Instruct  ID  jS 

"ThP  DEAThSTAP  mAS  the  power  TO  DESTROY  A PLANET  WITH  A” 
"SINGLE  blast,  it  is  APPROACHING  THE  REBEL  BASE  WHICH” 

"T3  UtM  A '-’uuiM  hidden  behind  The  MjjThER  PLANE  f,  AS  SOON  AS” 
"THE  DEaThSTar  CIRCLES  Th6  PLANET  IT  wlLL  DESTROY  THE  BASE,” 

"YOU  ARt  Flying  a fighter  which  can  bomb  a small” 

“SHAFT  LEADTijG  to  ThL  rdv^FR  Sul»RCE  oF  THE  DEATHSTAR  " 

“IF  YOU  HIT  IT  YOU  WILL  DESTROY  THE  DEATHSTAR  AMD  SAVE" 

“THE  REBEL  BASE.”  K I 

"enter  coordinate  X (AITHIN  GRID  LIMIT)  AND  Y TO  TARGET” 
“YOUR  bomb.  The  bomb  TRAJECIORY  ajlL  ThEN  HE  SHOWN” 

"ON  Y(jUR  SCREEN.  ThF  TARGET  f«)  wRL  ALSO  APPEAR*” 

“yO"  CA'‘  Thfn  F8TIMATE  Hjw  muChSou  MISSED,  TRE  MGHTER" 

MS  EQUTPPFD  aJTH  a COMPUTERI/Et)  GRID  WHICH  CAN  SHOW  ThE“ 
"EXACT  location  uF  The  TaRGFIT.  B«.»T  YOU  DO  NOT  USE  IT” 
"because  you  TRUST  ThF  FORCE,* 

“BmT  aATCh  .hit  FuR  IMPERIAL  flGHTFRSl” 

"IF  YOU  OR  HAh  solo  DO  NOT  EL  I M I N A T E THE M WlTHlN  TWQ  TURnS,” 


K GOTO  370 


690  X “ThFY  aILL  FI.TMINaTF  YUU,  ma  Y TmF  FORCE  BE  wITH  YQUj"  S j 

A^^^RE^uSiTING  STRIKE  ON  FIGHTER 
710  G(C3.C4js”  ” K Zsn 

720  1 ”Yf)'.'  HftVE  HIT  The  imperial  fighter, 

735  * PRINTING  The  GRID 

?io  FOR  J»i  TO  ii 

760  IF  G(K  J)st  Then  8l()  K IF  G(K  J)=2  then  820 
770  IF  G(KJJ)c^  them  860  K IF  G(k5J)s4  THEN  830 
8pu  G(»|n  Muo 


810  I tABf Ji%”TAH/0)  it  GrK,J)s”  ” 
8?0  • TAB(J)”»”TABh)  j X GOTO  h40 
830  } TAB!  j)  ”X“TAB(0)  «,  GoTq  040 


K GOTO  840 


GUTI)  890 


. TABIj)' 

840  next  J K 

l?H  I “ 

880  J 

890  return 

900  IF  Z>0  Then  9h0k  ♦ROUTINE  TO  RANDOM  IVPER,  FIGHTER 
9i()  FsiMT  (R-id(  0 w,S)  X.  IF  Fsi  THEN  PpnK  G«UO  jqiq 
920  C^sIf^TIKNoCn^sn  x.  if  C5»0  then  <)20  , 

930  C4s  TNT  ( p'MD  ( n-*s2 ) IF  C4x0  TMfcN  930k  Z=1 
940  G(C3rC4)x4 

950  t "IMPERIAL  FTGpIFR  UN  The  ATTACK"  X,  GOTO  1140 
960  UN  Z GUTU  970,980 

970  I “Imperial  FIGhTFk  pFi\»FTRAT  InG  shields"  k ZxZ^l  & GoTg  1140 
980  I “The  imperial  FTGHTFR  MAS  DESTROYED  YOUR  SHIP," 

f "Thf  DEaThSTar  >ill  ufSTrov  the  moon  and  The.  Rebel  base." 


■'o 


1000  GOTO  400 
1005  * PPlNll 
1010  ON  N GU70 
1020  t "The.  GR 

1040  1 "DAltIh  VaDFR  iS  DETE  PmTnED  T.j  Gt  T Y0L>“  K GOTo  1140 
1050  » ”THE_REBFL  cause  depends  UN  YOU"  K GOTO  1140 


ijG  Radji'  messages 

1020, 1 040, 1 050  d 060,1  070#  10?0d  too#  in  Od  120;  1130 
0 J "THE.  grand  muff  TaRKIN  haS  ORDERED  The  deSTRucT  SEQUENCE” 


IM  Dt'tHMTNt 
_ . . ..  USE  DEPENDS 

I878  ! "ThE^TRadWion^UF  TH^^‘jEDl^KfilGHTS  DEMANDS  THaT  YOU  WlN“ 


1080  GuTn  1140 
1090  1 “REMEMBER  THF  JAWAS"  ^ GOTO  1140 

1100  J "SULD'3  M]i  lfNUim  falcon  IS  STANDING  BY”  H.  GOTO  IJ^O 
InO  I "R202  IS  CORRECTING  A MALFUNCTION"  & GOTO  1140 
1120  I "C3P0  has  BrDkFN  into  a swEAT”  X GOTO  1140 
1150  } "PRINCESS  LETA  RADIOES  ^PLEASE  HURRY^”  & GOTO  11^0 
1140  RETURN 


*Note  - 1000  should  read  1000  W=N*  (-10)  & GO  TO  480. 


bomb.  Change  the  “5”  to  “2”  or  “3” 
for  a more  exciting  game. 

Lines  810,  820  and  830  fascinate  me. 
These  lines  control  the  printing  of  the 
bomb  trajectory,  the  placement  of  the 
target,  and  the  position  of  the  X-shaped 
Imperial  Fighter.  I’ll  let  you  analyze 
for  yourself  what  the  value  of  this  in- 
struction might  be. 

810  ; TAB(J)  ''*'TAB(0).  Consider 
what  would  happen  if  the  target,  a 
fighter,  and  the  path  of  your  bomb  all 
were  on  the  same  line  and  the  instruc- 
tion were  simply:  810;  TAB(J)"*''. 

Try  your  hand  against  Darth  Vader 
and  may  the  force  be  with  you.  ||| 


A typical  game  of  STAR  WARS  miglit 
read  like  this: 

WHAT  SIZE  GRID  DO  YOU  WANT? 

NOVICE=20,20 

OR  CHALLENGE=20,40. 

LIMITS  ARE  60,60.  SIZE  ?20,  30 
DO  YOU  WANT  INSTRUCTIONS  Y/N  ?N 
PRINCESS  LEIA  RADIOS  ‘PLEASE  HURRY' 
ENTER  COORDINATES  75,  5 

♦ 

* 

♦ 

♦ 

* 

♦ 

9 MIN.  TIL  DEATHSTAR  CLEARS  PLANET 
IMPERIAL  FIGHTER  ON  THE  ATTACK 
ENTER  COORDINATES  71,  21 
♦ 

* 

* 

* 

* 

♦ 

8 MIN.  TIL  DEATHSTAR  CLEARS  PLANET 
IMPERIAL  FIGHTER  PENETRATING  SHIELDS 
ENTER  COORDINATES  73,  21 

Hiittiii***************  ************ 

:C***Jt:**********J^^gQQ\l*  ♦*♦♦***♦**** 

HiH:**********************  ************ 

!!!IMMEDIATE  DIRECT  HIT!!!  YOU  HAVE 
DESTROYED  THE  DEATHSTAR  AND 
SAVED  THE  REBEL  CAUSE! 

SCORE  THIS  GAME  80  TOTAL  80 
AVERAGE  80 

DO  YOU  WANT  TO  PLAY  AGAIN  Y/N  ?N 
MAY  THE  FORCE  BE  WITH  YOU 
510  HALT 


Note  on  TAB(O):  This  doesn ’t  work 
on  all  computers. 


L 


BY  JOHN  T.  SHEN 

TT  uman  nature  being  what  it  is,  we’re  always 
trying  to  develop  tools  to  make  problem- 
solving easier.  We  also  try  to  develop  tools  to  do 
monotonous  and  mechanical  jobs  so  we’ll  have 
more  free  time  to  do  the  things  we  enjoy.  So, 
unlike  humans,  the  tools  we  develop  make  fewer 
mistakes,  work  without  getting  tired  and  don’t 
go  on  strike. 

One  of  the  best  tools  we’ve  created  is  that  creature 
called  “computer”.  But  what  is  a computer?  What’s 
the  difference  between  a computer  and  a microcom- 
puter? What  do  we  mean  by  multiprocessing?  And 
what  do  we  mean  by  large  scale  integration  (LSI)? 

A computer  is  an  electronic  tool  that  can  accept 
information  supplied  by  a human  or  another  machine. 

A computer  also  accepts  instructions  regarding  what 
to  do  with  the  information  supplied.  The  computer 
then  performs  the  operations  on  the  given  informa- 
tion. After  the  instructions  are  performed,  the  com- 
puter supplies  the  results  to  the  person  who  requested 
them,  or  to  another  machine  which  may  need  the  re- 
sults to  carry  out  other  operations. 

A basic  computer  is  usually  composed  of  an  input 
and  output  (I/O)  unit,  memory  (or  “storage”)  unit, 
arithmetic  and  logic  unit  (ALU)  and  a control  unit. 

The  input  unit  accepts  the  information  to  be  oper- 
ated on  from  people  or  other  machines,  and  the  output 
unit  makes  the  results  available  in  terms  a human  can 
understand. 

The  memory  unit  stores  information  until  needed 
by  one  of  the  other  units,  such  as  the  artithmetic  and 
logic  unit,  the  control  unit  or  the  I/O  unit. 

The  arithmetic  and  logic  unit  (ALU)  does  the  arith- 
metic and  logic  operations  necessary  to  sort  or  search 
for  particular  items  or  perform  mathematical  procedures. 

The  control  unit  manages  all  the  other  units.  For 
example,  the  control  unit  decides  when  the  I/O  unit 
will  accept  information  and  when  the  information 
should  be  sent  from  the  I/O  unit  or  the  memory  unit 
to  the  ALU  for  processing.  The  control  unit  also  de- 
cides what  operations  to  carry  out  and  in  what  se- 
quence. When  an  operation  is  completed,  the  control 
unit  decides  whether  the  results  should  be  sent  to  the 
I/O  unit  or  the  memory  unit. 

The  technology  for  building  today’s  computers  is 
very  different  from  the  technology  that  built  comput- 
ers 10  to  20  years  ago.  Unitl  the  late  1950’s,  comput- 
ers were  built  from  electronic  tubes,  mechanical  relays, 
resistors  and  capacitors.  We  call  these  computers  the 
“first  generation”. 

From  the  late  1950s  to  the  early  1960s,  computers 
were  built  from  discrete  transistors,  resistors  and  capa- 
citors. We  call  these  computers  the  “second  generation”. 

In  the  early  1960s,  a new  technology  arose,  called 
integrated  circuits  (IC),  where  many  components  are 
fabricated  on  a chemical  substrate  called  a “chip”, 
which  is  about  1 centimeter  square.  In  the  early  1960s 
only  100  transistors  could  be  packed  on  a chip.  Com- 
puters implemented  with  100-transistor  chips  are  called 


the  “third-generation”. 

Later,  new  fabrication  techniques  were  developed, 
so  that  today  we  can  pack  1000  or  more  transistors  on 
a single  chip.  We  call  these  computers  “fourth  generation”, 

From  the  first  to  the  fourth  generation,  the  physical 
size  of  a computer  with  the  same  computing  power 
shrank  drastically.  The  cost  also  decreased  impressively, 
and  the  computing  speed  increased  several  magnitudes. 

A computer  designed  for  use  in  many  fields  of  busi- 
ness and  science  is  called  a “general-purpose  computer”. 

A computer  designed  for  a specific  purpose,  such  as 
monitoring  a patient’s  heart  condition,  is  called  a “spe- 
cial-purpose computer”. 

A small  computer  is  called  a “minicomputer”.  A 
very  small  computer  is  a “microcomputer”.  The  central 
processing  unit  (CPU)  of  a microcomputer  is  called  a 
“microprocessor”. 

If  a computer  has  more  than  one  CPU,  and  if  the 
CPU’s  are  operating  in  parallel,  the  computer  is  called 
a ''multiprocessing  computer”  or  a “multiprocessor”. 

But  just  having  a computer  will  not  solve  your 
problems.  You  need  a way  to  instruct  the  computer 
to  solve  a problem.  One  way  is  to  write  a “program” 

(a  set  of  instructions  or  steps  that  tell  the  computer 
exactly  how  to  solve  a problem). 

Since  English  is  our  native  language,  the  languages 
used  for  writing  programs  are  usually  English-based, 
examples  of  English-based  languages  are  FORTRAN, 
COBOL  and  ALGOL.  Some  of  the  programming  lan- 
guages are  mathematically-oriented,  such  as  APL.  Both 
types  are  “human  understandable”.  They  are  called 
“high-order  languages”. 

But  all  computers  are  built  on  the  simple  language 
of  “y^s”  and  “no”  (or  1 ’s  and  O’s),  which  is  the  “ma- 
chine language”.  To  use  high-order  languages,  we  must 
build  translators  to  act  as  interpreters  between  man 
and  machine. 

The  programs  programmers  write  to  solve  their 
particular  problems  are  called  “application  programs”. 

The  large  program  developed  by  the  computer  manu- 
facturer for  managing  the  computer  resources  such  as 
I/O  devices,  memory  spaces  and  CPU  time  is  called 
the  “operating  system”.  Programs  that  facilitate  the 
easy  use  of  I/O  devices  and  peripheral  memory  are 
called  “utility  programs”. 

The  application  programs,  language  translators, 
operating  system  and  the  utility  programs  are  called 
“software”. 

When  a language  translator  completely  translates 
a program  before  the  execution  of  that  program  the 
translator  is  called  a “compiler”.  If  a translator  trans- 
lates one  statement  of  a program  at  a time  and  exe- 
cutes that  statement  immediately,  the  translator  is 
called  an  “interpreter”. 

When  a portion  of  a control  unit  is  electrically 
programmed  into  a device  call  “read-only  memory” 
(ROM),  or  when  some  of  the  software  is  electrically 
programmed  into  one  or  several  ROMs,  the  program- 
ming is  called  “microprogramming”.  i|| 
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Btulding  Your 

BASIC 

Robot 

BY  SAM  NEWHOUSE 


Robots  vary  in  sophistication  and 
control  structure,  from  Mars-walking 
space  probes  and  industrial  assembly 
robots  to  self-motivating  household 
pets  and  computer-controlled  “turtle” 
drawing  robots. 

My  interest  in  these  simple  mobile 
computer  input-output  devices,  robots, 
led  me  to  construct  my  own  “mechani- 


cal pet”,  Bert.  Bert  can  move  forward 
or  backward,  and  pivot  in  either  direc- 
tion. Through  a separate  computer- 
controlled  monitoring  system,  he  re- 
sponds to  a pre-programmed  direction 
after  bumping  into  something  and 
records  his  steps  on  film  through.a 
mounted  video  camera.  A distance  sen- 
sor controlled  by  the  same  computer 


keeps  track  of  the  distance  he  travels 
and  guides  him  on  a pre-programmed 
path. 

Bert  stops  on  command  for  any  set 
length  of  time,  and  on  command  re- 
sumes his  program  where  he  left  off. 

My  reason  for  building  this  “robot” 
was,  from  the  beginning,  to  construct 
a peripheral  for  my  SWPC  6800  com- 
puter. My  goal  has  been  achieved  — 

Bert  is  controlled  entirely  by  SWPC 
8K  BASIC,  version  2.0  And  although 
there  are  speed  limitations  with  BASIC, 
careful  programming  and  reasonable 
compromise  allow  for  the  convenience 
of  BASIC  real-time  control. 

Bert  is  constructed  almost  totally 
of  replaceable,  interchangeable  plastic 
parts  manufactured  by  the  fischer- 
technik  Company  of  West  Germany. 
Although  expensive,  the  building  ma- 
terial allows  for  quick  translation  of 
ideas  into  physic^  reality,  and  easy 
modification  of  an  existing  design. 

Struts  of  various  sizes,  nylon/plastic 
equivalents  of  I-beams,  rivets  which  at- 
tach struts  to  I-beams  or  other  struts, 
plastic  chain,  gears,  metal  axles,  cotter 
pins,  motors  with  reduction  gears  and 
worm  gears  make  up  the  building  ma- 
terials. Flexible  skin-like  material  can 
also  be  attached  to  I-beams  with  rivets. 

These  materials  result  in  structures 
that  are  light  but  strong.  Bert  can  move 
50  lbs.  with  only  minor  reduction  in 
speed  — Bert  only  weighs  about  10 
lbs. 

Eight  parallel  fischertechnik  low- 
voltage  motors  drive  the  robot  (4 
motors  drive  each  of  the  two  tracks). 
The  motors  are  driven  by  regulated  ad- 
justable power  supplies.  The  power 
now  in  use  travels  to  Bert  via  cables 
at  about  1.5  amps  per  side  at  12  volts. 
A third  power  supply  drives  the  CRC 
express  serial  relay  interface  and  de- 
livers .5  amps  at  5 volts. 

The  CRC  interface  connects  to  the 
control  computer  via  a serial  output 


sc 


port.  By  sending  ASCII  characters  to 
the  interface,  followed  by  an  execute 
character,  the  relays  change  position, 
and  power  is  supplied  to  specific  mo- 
tors in  the  robot. 

For  example,  by  sending  the  ASCII 
sequence  “A!E!C!G!”  to  the  interface, 
both  tracks  will  move  forward.  The 
A!E!  commands  the  two  direction  re- 
lays to  supply  forward  voltage.  The 
C!G!  sets  both  sides  to  “on”.  A for- 
ward motion  is  accomplished  simply 
by  the  program  statement:  print  “A! 
E!C!G!”. 

At  present,  the  robot  may  be  pro- 
grammed under  BASIC  to  move  for- 
ward or  backward,  or  to  rotate  left  or 
right.  During  rotation,  one  track  moves 
forward,  while  the  other  is  in  reverse. 
During  a continuous  rotation  the  ro- 
bot does  not  move  from  its  initial  posi- 
tion more  than  a few  inches. 

Inputs  to  the  control  computer 
consist  of  5 bits  of  a parallel  input 
port.  These  consist  of  4 bits,  1 each, 
from  the  front,  back,  left,  and  right 
sensor  arrays,  and  1 bit  for  distance 
travelled  detection. 

A gear  rides  on  the  chain  which 
forms  the  tread  of  the  robot’s  track. 
This  gear  drives  another  chain  which 
in  turn  drives  a rotating  elliptical 
gear.  At  the  top  and  bottom  of  its  ro- 
tation, the  elliptical  gear  strikes  two 
micro  switches  which  are  wired  in 
parallel.  Therefore,  each  rotation  of 
the  gear  sends  two  pulses  to  the  com- 
puter port. 

The  6800  MPU  uses  what  is  called 
memory  mapped  input/output.  This 
means  that  an  input  port,  to  the  com- 
puter, appears  as  a memory  location, 
just  like  any  other  location.  The  five 
inputs  are,  in  effect,  wired  right  into 
the  memory  so  that  whenever  you 
want  to  “scan”  this  port,  all  you  do  is 
take  a “PEEK”  at  its  location,  using 
BASIC. 

The  PEEK  is  a BASIC  language 
function,  such  that  PEEK  (J)  will  re- 
turn the  decimal  value  of  the  contents 
of  memory  location  J.  To  read  the  in- 
put port  you  just  use  the  PEEK  state- 
ment. No  handshakes  or  interrupts  are 
necessary. 

A tight  BASIC  wait  loop  counts 
the  distance  pulses  by  constantly 
“PEEKING”  the  location  where  the 
input  data  appears.  Since  BASIC  is 
slow,  and  these  pulses  are  of  short  du- 
ration, a certain  percentage  of  distance 
pulses  are  missed. 

The  same  routine  that  counts  dis- 
tance pulses  also  constantly  checks  for 
a sensor  closure  — an  interruption  in 
the  robot’s  control  program  that  oc- 


This  self  tau^t 
tinkerer  built 
his  own  robot 
and  programmed  it 
using  BASIC. 

curs  when  these  “sensors”,  which  are 
microswitches  mounted  on  the  front, 
back,  and  sides  of  the  robot,  are  closed. 

The  robot  then  moves  in  a direc- 
tion opposite  to  the  original  direc- 
tion, upon  hitting  an  obstruction. 

The  inputs  are  arranged  so  that  the 
distance  pulse  (10)  represents  the  least 
significant  bit.  Front  sensors  are  II, 
back  are  12,  left  13  and  right  14. 

At  any  time,  “PEEKING”  the  input 
port  gives  a number  (decimal)  between 
0 and  255.  If  no  sensors  show  a “hit”, 
and  if  no  distance  pulse  is  present,  the 
port  will  show  255 1 o’  However,  if  any 
sensor  shows  a hit,  then  the  input  port 
will  show  a number  less  than  254,  re- 
gardless of  the  status  of  the  distance 
pulse. 

The  input  routine  first  looks  for  a 
sensor  hit,  then  a distance  pulse,  and 
finally,  for  a second  sensor  hit.  Any 
time  a sensor  hit  registers,  the  comput- 
er goes  into  its  interrupt  subroutine, 
which  stops  the  motors,  and  then  re- 
verses them  for  a fixed  period  of  time. 
During  this  brief  time  the  robot  is  not 
responsive  to  further  sensor  hits. 

The  BASIC  control  program  re- 
cognizes the  following  commands:  FX, 
BX,  RX,  LX,  SX,  and  JX.  The  robot 


moves  forward,  backward,  left,  or  right 
X number  of  pulses  by  FX,  BX,  LX, 

RX  respectively.  SX  stops  the  robot 
for  a time  period  proportional  to  X. 

If  X = 0,  control  is  immediately  re- 
turned to  the  options  menu  portion  of 
the  program.  JX  loops  control  to  Step 
Number  X.  This  is  usually  used  to  re- 
peat a pattern  over  and  over  by  “jump- 
ing” back  to  the  initial  program  step 
repeatedly. 

The  control  program  will  also  allow 
robot  control  patterns  of  up  to  50 
steps  to  be  saved  and  loaded  from 
paper  tape.  A list  of  the  current  pro- 
gram may  also  be  obtained. 

The  control  program  is  written  in 
a top-down,  structured  programming 
style,  and  is  easy  to  modify.  If  the 
robot  were  programmed  in  assembly 
or  machine  language,  its  control  would 
be  much  more  precise  — no  distance 
pulses  would  be  lost  because  of  the 
slow  speed  of  BASIC. 

Tests  have  shown  that  the  control 
program  and  robot  are  precise  enough 
(as  currently  developed)  to  bring  the 
robot  to  the  same  spot  after  executing 
a short  stored  program,  plus  or  minus 
about  1 foot.  This  means  that,  if  the 
robot  is  placed  in  a particular  spot, 
pointing  in  a known  direction,  execu- 
tion of  a stored  program  will  leave  it 
no  farther  than  about  1 foot  from 
where  the  same  stored  program  drove 
the  robot  previously. 

Another  application  of  the  robot 
is  to  carry  a standard  video  camera.  In 
this  mode,  the  robot  can  be  directly 
controlled  by  a SWTPC  joystick.  Again, 
a program  coded  in  BASIC  is  used  to 
interface  the  joystick  to  the  CRC  serial 


Technical  Specs  on  Robot  Package 


Hx  Wx  L- 
Weight  - 
Speed  - 
Motors  - 
Power  - 

Supplies  - 
Camera  - 
Computer  - 
Software  - 
Peripherals 


Sensors  - 


Relays 


18”x  19”x  26” 

25  lbs.  including  camera 
1.5  mph  at  12  volts 

8 — fischertechnik  motors  with  gearing 

2—1.5  ampere  variable  voltage  regulated  power  supplies  for 

motors 

1 — 1.5  ampere  5 volt  power  supply  for  relays 
Sony  AVC3200  video  camera 
SWTPC6800  - 16K  memory 

SWTPC  8K  BASIC,  Version  2-0 

Slot  0 — serial  port  to  relay  interface 

Slot  1 — serial  control  terminal 

Slot  3 - parallel  interface  to  joystick 

Slot  5 — parallel  interface  to  sensors  and  distance  pulses 

Slot  6 — serial  interface  for  Teletype 

3 — forward  — wired  in  parallel 

2 — right 
2 - left 
5 — rear 

CRC  Xpres  serial  control  interface  - contains  4 SPST  relays 
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interface  which,  in  turn,  controls  Bert’s 
motors. 

The  human  operator  sits  in  front  of 
a TV  monitor  which  shows  what  the 
robot-mounted  TV  camera  is  pointing 
at.  By  moving  the  joystick  gently  for- 
ward, the  robot  will  respond  by  mov- 
ing forward.  Move  the  stick  back  to 
center,  and  the  robot  stops.  Move  the 
stick  right  or  left,  and  the  robot  ro- 
tates right  or  left. 

A signal  transmitted  by  the  camera 


goes  through  to  a video  recorder  be- 
fore it  reaches  the  monitor.  A scene 
could  be  set  up  and  videotaped  by 
the  moving  camera.  By  going  forward 
or  backward,  slow  zoom-ins  are  pos- 
sible. 

At  this  time,  the  camera  cannot  tilt 
up  or  down.  As  it  approaches  an  article 
on  the  floor,  the  object  disappears 
from  the  camera’s  view. 

My  plans  for  the  future  include 
constructing  a “camera  tilter”  from 


fischertechnik  parts,  proximity  sensors, 
an  on-board  computer  and  a radio  link 
to  the  SWTPC  computer. 

The  onboard  computer  will  follow 
its  own  built-in  program,  responding 
to  sensor  hits  and  counting  distance 
pulses.  The  radio  link  will  enable  the 
robot  to  carry  out  instructions  sent  out 
by  the  remote  master  computer.  These 
instructions  would  come  in  a general 
rather  than  specific  form;  examples 
might  include  patrol,  sleep,  wait  (until 


How  the  Robot 
Program  W orks 

When  you  have  constructed  your  robot,  you  can  get  him 
moving  with  these  BASIC  programs.  First,  though,  you  must 
understand  the  CRC  Xpres  Relay  Interface  before  you  can 
comprehend  Program  I.  This  board  contains  four  relays  and 


218,0 

A 


B 


129,0 


Within  the  square  outlined  by  the  X’s,  the  robot  will  stop. 
The  cursor  must  be  moved  close  to  the  “F”  or  “B”  for 
motion  to  begin.  With  “L”  and  “R”,  it  is  sufficient  for  the 
cursor  to  be  behind  the  line  of  L’s  or  R’s,  and  not  above 
or  below  the  ending  L’s  or  R’s. 

connects  to  a serial  port  at  Slot  0.  Any  relay  may  be  turned 
off,  one  at  a time,  as  follows: 


Screen  Diagram 
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On  Off 

Relay  1 A B 

Relay  2 C C 

Relay  3 E F 

Relay  4 G H 

The  execute  character  to  the  relay  board  performs  the 
most  recent  command  received.  The  execute  character  is 
the  exclamation  point  (!).  Sending  “E!”  to  Port  0 would 
turn  on  Relay  3. 

Relay  1 controls  a DPDT  power- relay  to  the  right  side. 
This  controls  the  motors  forward  or  backward. 

Relay  2 supplies  power  to  Relay  1. 


Relay  3 activates  a DPDT  reversing  relay  that  controls 
the  left  side. 

Relay  4 supplies  power  to  Relay  3. 

Thus,  PRINT  #0,  “A!E!C!G!”  would  turn  on  all  relays 
and  the  robot  would  march  forward. 

The  commands  implemented  so  far  which  control  the 


robot  motors  are: 

Meaning 

Forward 

# Comment 

Forward 

F 

X Where  X is  the  # of  the 

pulses 

Backward 

B 

X 

Left 

L 

X 

Right 

R 

X 

Jump 

J 

X Where  X is  the  control  state- 

ment 

Stop 

S 

X Where  XX)  stop  for  X time 

periods 

or 

S 

0 Return  to  options  menu 

Recorder  On 

V 

X Where  X can  be  anything 

or  Off 

X 

X 

Another  relay  activates  the  video  recorder.  This  relay 
functions  through  the  SWTPC  AC-30  Cassette  Interface 
Board’s  “Cassette  Motor  Control  Output”.  Sending  the 
appropriate  control  character  to  the  CT-1024  terminal, 
opens  or  closes  the  relay.  Control  T turns  on  the  relay, 
Control  R causes  it  to  turn  off. 
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motion  detector  is  activated)  or  program. 

The  program  instruction  conditions 
the  on-board  computer  to  accept  a 
series  of  specific  motion  control  com- 
mands from  the  SWTPC  computer, 
store  these  commands,  and  execute 
them  until  an  override  command  is  re- 
ceived via  the  radio  link.  Examples  of 
specific  motion  control  commands 
are:  forward  10  pulses,  right  5 pulses, 
stop  3 time  periods. 

The  radio  link  will  be  made  from 


a Citizens  Band  Class  “C”  tone  trans- 
mitter and  receiver.  This  transmitter 
will  be  modulated,  or  turned  on  and 
off,  by  the  SWTPC  6800.  All  output 
will  appear  in  the  form  of  serial  ASCII 
characters.  At  the  receiver,  a wave- 
form corresponding  to  the  original 
ASCII  character  will  be  produced, 
which  will  be  fed  throu^  a level 
converter  to  the  serial  input  port  of 
the  on-board  computer. 

Miniature  lead-acid  batteries  will 


provide  power  to  the  motors.  Two 
batteries  will  power  each  track  (see 
photos).  The  on-board  computer  will 
be  powered  by  7 amp/hr  Gould  nicads. 

What  the  purpose  of  all  this  is,  Tm 
not  sure.  I had  a lot  of  fun  building  and 
designing  my  robot  and  I plan  to  go  a 

lot  further.  My  fascination  with  robots 
will  continue  unabated.  This  simple 
project  opened  my  eyes  to  the  incred- 
ible complications  that  can  pop  up 
when  you  try  to  design  a robot.  ||| 


Pro^am  I 

0301  F4=38790 

0002  F5a254 

0003  Fl-1 

0004  F0-0 

0005  DIM  A$(50).P(50> 


0006 

F2«2 

0007 

P3*3 

0008 

0009 

F8  = 2 

0010 

PRINT 

#l^CHRf< 16);CHRf(22)I 

0020 

PRINT 

OPTIONS” 

00  30 

PRI  NT 

#1.**M 

• 

PROGRAM” 

00^0 

PRI  NT 

RUN” 

00  50 

PRINT 

#1>’»3 

- 

SAVE” 

0060 

PRINT 

- 

LOAD” 

0070 

PRINT 

#1>**5 

* 

END” 

0075 

PRINT 

#1>*‘6 

- 

LIST” 

0078 

P2«6 

0080 

PRINT 

#1 

009  0 

PORT® 

1 

0100 

INPUT 

C 

0105 

IF  C>6 

THEN 

10 

0110 

IF  C<T 

THEN 

10 

0115  C=INT<C> 

0120  ON  C 60SUF  1000^2000. 3000.4000^5000.6000 
0130  GOTO  10 

1000  REM  PROGRAM  SECTION 

1010  PRINT  #1.CHR$( 16);CHR$C22);"MAXIMUM 
NUMPER  OF  STEPS  IS  50” 

1020  PRINT  #1. "MAXIMUM  flRECTION  IS  50” 

1022  PRINT  #1. "ENTER  *#•  WHEN  PROGRAM  DONE” 
1030  I = 1 

1035  PRINT  #1."STEP  I ; 

1040  INPUT  ASCI) 

1060  IF  A${I>  = ”#”  THEN  RETURN 

1060  INPUT  ”DI  STANCE”.  P<n 

1070  IF  PC  I) >50  THEN  1060 

1090  I-I  + l 

1100  GOTO  1035 

2000  REM  RUN  SECTION 

2010  I=F1 

2020  AI<I)=LEFT$(Af(I). 1) 

2025  IF  A$(I>=”F"  THEN  2200 
2030  IF  AJCI)=”P”  THEN  2300 
2040  IF  At(I)=”L”  THEN  2400 

2050  IF  A$(I)=”R"  THEN  2500 

2060  IF  AJCI)=”S”  THEN  2600 

2070  IF  A$cn  = "0”  THEN  2700 

207  5 IF  AJ(I>=”V”  THEN  PRJ NT””; S I =I  + 1 * GOTO2020 
2077  IF  A*<I)=”X"  THEN  PRI NT”"; S I =I + 1 : GOTO2020 
2085  PRINT  #1.”  ERROR  AT  STEP  #”;i 

2090  I-l+l 
2100  GOTO  2020 


2200  REM  F ROUTINE 

2210  T=F0 
2215  D-Fl 
2217  PRINT  #0 

2220  PRINT  #0."A!EIC!G!A!EfC!G!AIElC!6!"; 
2230  Q=FEEKCF4) 

2235  IF  Q<F5  THEN  GOSUF  7000 
2240  IF  Q<>F5  THEH  2230 
2245  IF  Q<F5  THEN  GOSUF  7000 
2250  T-T+Fl 

2260  IF  T>E(I)  THEN  2270 
2265  GOTO  2230 
227  0 I-l+Fl 
2280  GOTO  2020 

2300  REM  PACKWARE  ROUTINE 

2310  T«F0 
2315  D=F2 
2317  PRINT  #0 

2320  PRINT  #0.”F!F!ClG!P!F!Cf6!RlF!C!61”; 
2330  Q-FEEKCF4) 

2335  IF  Q<F5  THEN  GOSUF  7000 
2340  IF  Q<>F5  THEN  2330 
2345  IF  Q<F5  THEN  GOSUF  7000 
8350  T-T+Fl 

2360  IF  T>PC1>  THEN  2370 

2365  GOTO  8330 

8370  I-l  + Fl 

8380  GOTO  2020 

2400  REM  LEFT  ROUTINE 

2410  T=F0 

2415  D«F3 

3417  PRINT  #0 

8420  PRINT  #0.”P!E!C!G!.P!E!CIGlPtE!Cf6J”; 
8430  QaPEEKCFA) 

2435  IF  0<F5  THEN  GOSUF  7000 
2440  IF  Q<>F5  THEN  2430 
2445  IF  6<F5  THEN  GOSUF  7000 
8450  T*T+F1 

■9460  IF  T>BU)  THEN  8470 

8465  GOTO  8530 

2470  I-l+Fl 

8480  GOTO  2020 

2500  REM  **♦  RIGHT  ROUTINE 

2510  T-F0 

2515  D*F9 

2517  PRINT  *0 

2520  PRINT  #0.”AfFIC16!AlF!ClG!AlF!CIG!”; 
2530  QxpE£KCF4) 

2535  IF  Q<F5  THEN  GOSUF  7000 
2540  IF  Q<>F5  THEN  2530 
2545  IF  a<F5  THEN  GOSUF  7000 
2550  T-T+Fl 

2560  IF  T>ECn  THEN  2570 
2565  GOTO  2530 
8570  I-I+Fl 
2580  GOTO  2020 
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Program  I - continued 

40  30 

PORT*  P2 

4040 

PRINT  •*  PUT  TAPE  IN  READER** 

2600 

REM  STOP  ROUTINE 

40  50 

PRINT  •*  TURN  READER  ON** 

2610 

PRINT  #0#*’D!Hf5 

4060 

INPUT  R 

2611 

IF  B(I)«0  THEN  RETURN 

409  0 

FOR  1*1  TO  R 

2612 

FOR  Q6»l  TO  BCn*100 

4100 

INPUT  A$(I)>P<I) 

2613 

NEXT  Q6 

41  10 

NEXT  I 

2614 

I-I  + l 

4120 

PORT*  1 

2620 

GOTO  2020 

4125 

PRINT  •*  LOAD  FINISHED** 

27  00 

REM  ***  JUMP  ROUTINE 

4130 

RETURN 

2710 

I»PCI> 

5000 

END 

2720 

GOTO  2020 

6000 

PRINT  #1#CHR$(  16)ICHR5(22);**LIST** 

3000 

PRINT  #1^*’  TURN  TTY  ON** 

6010 

PRINT  #1 

3010 

INPUT  *•  IS  IT  0N**>GS 

6020 

INPUT  **RANGE  ( R U R2)  **^  R 1>  R2 

3020 

IF  LEFTSCGS.  1)  = "Y*’  THEN  3040 

60  30 

FOR  I*R1T0R2 

30  30 

GOTO  3000 

6040 

PRINT  #P2>**  STEP  #**;i;** 

3040 

P0RT=  P2 

•*iA$(i);**  **;p(i) 

3050 

INPUT  •*  RANGE  <1#R)**#R 

6050 

NEXT  I 

3060 

PRINT  ••  TURN  PUNCH  ON** 

6060 

PRINT  #!>••  LIST  DONE** 

307  5 

LINE*  240 

607  0 

RETURN 

3080 

FOR  I«1  TO20 

7000 

PRINT  #0>’*D!H!**; 

3085 

PRINT  #P2>CHRS<255>; 

7002 

FOR  D9=l  TO  100 

3090 

NEXT  I 

7003 

NEXT  D9 

3105 

PRINT  R 

7010 

ON  D GOSUF  7300#7200>7500>74c?c; 

3107 

FOR  Q8«l  TO  10JPRINT  CHRfC 255) NEXT 

Q8 

7020 

FOR  G4*l  TO  200 

3110 

FOR  1*1  TO  R 

7030 

NEXT  64 

3112 

FOR  Q8*l  TO  10f PRINT  CHRSC 255) 1 * NEXT 

Q8 

709  5 

T*BCI) 

3115 

PRINT  A$< I );•*#•*;?< I) 

7100 

RETURN 

3120 

NEXT  I 

7200 

PRINT  #0>  **A!E!e!G!A!E!C!G!A!EfC!6!**; 

3130 

FOR  1*1  TO  20 

7210 

RETURN 

3140 

PRINT  #P2^CHR$<255); 

7300 

PRINT  #0>**P!FfC!6!P!F  !C!6fP!F  fCIGf**; 

3150 

NEX'i  I 

7310 

RETURN 

3160 

PORT*  1 

7400 

PRINT  #0#'*P!EfC!G!**; 

3170 

PRINT  **SAVE  DONE** 

7410 

RETURN 

3180 

RETURN 

7500 

PRINT  #0^’*A!F  !C!G!**; 

4000 

PRINT  **TURN  TTY  ON** 

7510 

RETURN 

4010 

INPUT  *’1$  TTY'  0N**^G$ 

9900 

PRINT  PEEKC 32790) 

40  20 

IF  LEFT$(G$>  l)o**Y**  THEN  4010 

9910 

GOTO  9900 

Comments  on  Pro^am  I 

Program  Line  1-9  - Initialize  constants,  DIM  statement. 
32790  in  Statement  1 is  the  sensor  input  location  in  deci- 
mal notation. 

10-100  - This  clears  the  CT-1024  terminal’s  screen  and 
prints  an  options  menu.  Then  it  requests  your  choice.  Line 


78  sets  the  Teletype™  to  Port  6.  Line  90  sets  the  control 
terminal  to  the  SWTPC  CT-1024. 

105-130  - This  section  checks  the  input  for  error  and 
jumps  to  the  appropriate  routine  through  line  1 20. 
1000-1100  - This  section  allows  the  user  to  input  a pro- 
gram, a step  at  a time.  See  the  command  chart.  When  “#” 
is  entered,  the  options  menu  is  again  displayed. 

2000-2100  - This  section  runs  the  stored  program.  The  ro- 
bot performs  each  programmed  step  in  order.  Line  1085 
prints  out  an  error  message  if  the  command  is  invalid.  Exe- 
cution continues. 

2200-2280  - This  routine  drives  the  robot  forward  B(I) 
spaces.  It  counts  the  pulses  coming  from  the  distance  sen- 
sors, continually  checking  for  any  microswitch  sensor  that 
has  reached  an  obstruction. 

“T”is  first  set  to  0 in  line  2210.  “T”  is  the  counter 
of  pulses  from  the  distance  sensor.  “D”  is  then  set  to  1. 

“D”  denotes  the  current  direction.  Line  2217  prints  a car- 
riage retum/line  feed  to  the  relay  interface  port  which  resets 
the  current  character  location  points  in  BASIC.  This  avoids 
insertion  of  unwanted  CR&LF’s.  Line  2220  activates  the 
motors  so  that  the  robot  goes  forward.  Line  2230  inputs 
the  sensors  into  variable  “Q”.  Line  2235  checks  to  see  if  a 
microswitch  is  closed  indicating  an  obstruction.  Line  2240 
checks  to  see  if  a distance  pulse  is  present.  If  not  the  pro- 
gram goes  to  Line  2230  and  again  inputs  the  sensors.  Line 
2245  check  for  sensor  closure.  Line  2250  increments  the 


£f\ 


n 


,«1  


distance  pulse  count.  Line  2260  compares  the  new  total  to 
the  prescribed  amount.  This  checks  the  forward  movement. 
Line  2265  re-reads  sensors  at  line  2230  if  the  count  has 
not  reached  the  programmed  distance.  Line  2270  incre- 
ments the  step  counter.  Line  2280  returns  to  command 
decoder  (Line  2020). 

2300—2380  - The  backward  routine  — duplicates  lines 
2200—2280  although  line  2320  is  different. 

2400-2480  - The  left  routine  — same  as  above. 

2500-2580  - The  right  routine  — same  as  above. 

2600-2620  - The  stop  routine  — if  B(I)=0,  return  to  op- 
tions menu.  If  not,  wait  B(I)  time  periods. 

2700-2720  - Jump  routine  - go  to  control  statement  ffi(I). 
3000—3180  - This  routine  saves  a control  program  on  paper 
tape.  Line  3107  prints  nulls  which  are  necessary  for  timing. 
Line  3112  does  the  same  thing.  Line  3115  outputs  a set  of 
values. 


4000-4130  - The  LOAD  routine  loads  a paper  tape  gener- 
ated by  the  SAVE  routine.  Line  4060  gets  the  number  of 
steps  to  come  from  the  tape. 

6000-6070  - The  LIST  routine  is  used  to  list  the  stored 
program. 

7000-7510  - This  routine  is  called  whenever  a sensor  clo- 
sure is  detected.  The  routine  stops  the  robot  and  waits  for 
a while,  (lines  7000-7003).  Then  Line  7010  directs  the  pro- 
gram to  a line  which  makes  the  robot  motors  avoid  the  ob- 
struction that  has  been  detected.  “D”  is  a variable  whose 
value  can  be  1,  2,  3,  or  4.  1 means  forward;  2,  back;  3,  left; 
4,  right.  Line  7010  thus  selects  proper  directions  for  the 
robot.  Lines  7020-7030  cause  a fixed  delay.  Line  7095 
should  be  “T=B(I)”.  This,  in  effect,  causes  the  robot  to 
skip  the  step  involving  the  obstruction. 

9900-9910  - A utility  routine  for  printing  sensor  inputs  in 
decimal  on  the  terminal. 


Pro^am  II 

0001  GOSUP  5000 
0000  P2»3 

0005  GOSUP  100 
0010  A«PEEK< 32782) 

0015  IF  A>62  IHEN  10 

0016  P«PEEK(32782) 

0017  IF  P<129THEN16 
0030  GOSUP  1000 
0035  GOSUB  500 

0038  GOSUP  8000 
00410  GOTO  10 
0100  FOR  H=0  TO  63 
0110  FOR  V«128  TO  223 
0120  PRINT  #P2 

0130  PRINT  #P2^CHRS<H);CHRf<V>; 

0140  NEXT  V 

0150  NEXT  H 

0155  RETURN 

0500  REM 

0525  PRINT  #P2^CHRS(A);CHRS(P); 
05410  RETURN 

1000  PRINT  #P2^CHR$(A+64|);CHRS(P); 
1035  GOSUP  500 
10410  RETURN 
1050  GOTO  10 

5000  PRINT  #1^CHRS<  16>;CHRS(22>; 
5010  PRINT  #!#••  F“ 

5020  PRINT  #1J PRINT  #ll PRINT  #1 
5030  PRINT  #1#” 

50410  FOR  29»1  TO  6 


5050  PRINT  **L  ♦ 

* RM 

5060  NEXT  Z9 
5070  PRINT 

5080  PhlNl  #1:PRINT  #UPRINT  #!»•• 

pt«. 

5095  PRINT  #1#CHR$C16); 

5100  RETURN 

8000  IF  A>45  THEN  8050 

8005  IF  A<18  THEN  8050 

8010  IF  E>145  THEN  8050 

8015  IF  B<120  THEN  8050 

8020  REM  ♦♦♦  FORWARD  MOVEMENT 

8025  GOSUB  8500tPRINT  #0# ’’A  ! E f C ! G f **;  I RETURN 

8050  IF  A>45  THEN  0 

8055  IF  A <18  THEN  8100 

8060  IF  E<190  THEN  8100 

8065  REM  ♦♦♦  BACKWARDS  MOVEMENT 

807  0 GOSUP  8500  IPRINT  #0# '‘B ! F ! C ! G f*!  : RETURN 

8100  IF  A>10  THEN  8150 

8105  IF  P<160  THEN  8150 

8110  IF  P>180  THEN  8150 

8115  REM  ♦♦♦  LEFT  HARE  TURN 

8120  GOSUP  8 500: PRINT  #0^ ’’A fF  rC!G  f*;  : RETURN 

8150  IF  A<55  THEN  8200 

8155  IF  B<160  THEN  8200 

8159  IF  B>180  THEN  8200 

8165  REM  ♦♦♦  RIGHT  HARD  TURN 

8170  GOSUB  8 5001  PRINT  #0>  ••P!E!C  f G IRETURN 

8200  REM  ♦♦♦  STOP 

8205  PRINT  #0#  •*DIH  I IPRINT  # 1 #••••;  I RETURN 
8500  PRINT 
8505  RETURN 


Comments  on  Pro^am  II 

This  program  uses  the  SWTPC  Joystick  and  SWTPC  GT-6144 
Graphics  Display.  A map  (see  diagram)  is  put  on  the  video 
screen  showing  front,  back,  right  and  left.  A blinking  cursor 
moves  around  the  screen  as  the  Joystick  is  moved.  When  the 
cursor  moves  near  one  of  the  letters  F,  B,  L,  or  R on  the 
screen,  the  robot  moves  in  that  direction.  The  screen  now 
changes  from  computer-generated  images  to  video  signals 
from  the  robot’s  camera.  When  the  stick  is  again  centered, 
the  robot  stops,  and  the  map  reappears. 

To  understand  the  comments  on  the  program  which  fol- 
lows, you  must  understand  the  two  peripheral  devices. 


The  Joystick  is  interfaced  to  the  input  of  a SWTPC  paral- 
lel I/O  port.  The  stick  moves  in  two  dimensions.  The  on- 
board analog  to  digital  converter  transforms  the  stick  mo- 
tion into  output  values.  “A”  is  the  horizontal  stick  posi- 
tion value,  and  “B”  is  the  vertical  position  value.  Joystick 
continually  outputs  “ABABABABAB  - ” at  a rate  of  fifty 
times  a second.  “A”  varies  from  1 to  62  (decimal)  while 
“B”  varies  from  218  to  129.  Thus,  A=l,  B=129,  would  be 
the  lower  left  corner;  A=62,  B=129,  would  be  the  lower 
right  corner;  A=62,  B=218,  would  be  the  upper  right  corner; 
and  A=1  B=218,  would  be  the  upper  left  corner. 

The  GT-6144  Graphics  Device  displays  rectangular  dots 
on  the  video  screen.  These  dots  overlay  at  the  same  time,  as 
characters  from  the  CT-1024.  The  graphics  display  is  a grid 
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Warehouse 
Overstock 

SALE! 


Buy  These  Xtems 
From  Computer 
Enteri 
Before  4 /IS/ 78 
And  Save  Save 


Save! 

Credit 

Card 

Cash 

Discount 

Price 

Price 

Lear  Siegler 

$728. 

$700 

ADM-SA  Kit 
Polymorphic 

177. 

170. 

VII/  64  Kit 
Vector  Graphic  8K 

187. 

180 

SRAM 

Netronics  Elf  II 

133. 

188. 

Assembled 
George  Risk  ASG II 

52. 

SO. 

keyboard  kit 

More  Popular  Products 
At  Our 


Credit 

Card 

Gash 

Discount 

Price 

Price 

North  Star  Micro 

$ 623. 

$ 599. 

Disk  System  Kit 

Cromemco  Z2  Kit 

557. 

536. 

Cromemco 

136. 

131. 

Bytesaver 

Cromemco  16K 

464. 

446. 

RAMSSOns 

IMSAIPCS-80/30 

1122. 

1079. 

Kit 

IMSAIPCS-80/18 

748. 

719. 

Kit 

IMSAI 8080  Kit 

614. 

590. 

w/88  slots 

IMSAI  16K  RAM 

411. 

395. 

IMSAI  S8K  RAM 

685. 

659. 

Shipping  charges:  $10  per  CPU  on  larger  units;  $1.80  per  kit.  $2.00  min. 
per  order. 

Delivery  is  stock  to  30  days  on  most  items.  Shipment  is  immediate  for 
payment  by  cashier’s  check,  money  order  or  charge  card.  Allow  3 weeks 
for  personal  checks  to  clear.  N.Y.  State  residents  add  approp.  sales 
tax.  Availability,  prices  and  specs  may  change  without  notice. 

Operating  Hours: 

M-W  10-5E.S.T. 

Th-F  10-9E.S.T. 

Closed  Sat.  & Sun. 


Write  or  Call 


cempulGf 

emefpfue/" 

P.O.Box  71 

Fayetteville,  N.Y.  13066 

Phone  (315)  637-6808  Today! 


of  63  horizontal  dots  across  and  95  vertical  dots,  for  a total 
of  6,144  dots.  The  display  connects  to  the  output  side  of 
the  same  parallel  input/output  port  that  controls  the  Joy- 
stick. 

Any  dot  can  be  turned  on  and  off,  one  at  a time,  as  fol- 
lows: The  first  byte  sent  to  the  board  must  be  a horizontal 
position  (0-63,0 ) as  well  as  the  command  to  write  or  erase 
a dot  if  necessary.  The  most  significant  bit,  , is  set  to  0 
to  indicate  a horizontal  coordinate.  B6  is  set  to  1 to  write 
or  0 to  erase  a rectangle. 

Data  bits  B5  - Bq  contain  the  horizontal  position  which 
varies  from  0 to  63  (decimal). 

The  second  byte  is  the  vertical  position.  Bit  B7  must  be 
set  to  1 to  indicate  a vertical  coordinate.  Bits  Be  — Bq  con- 
tain vertical  coordinates  0 to  95  (decimal). 

Several  special  functions  are  also  available.  Sending  a 
control  character  using  the  CHRs  Function  accomplishes 
the  following  actions: 


CODE  (decimal) 

RESULT 

224 

Invert  screen 

225 

Enable  graphics  (GT-6144) 

226 

Disable  CT-1024 

227 

Not  used 

228 

Normal  screen 

229 

Disable  graphics  (GT-6144) 

230 

Enable  CT-1024 

231 

Not  used 

Program  Line  1 - Write  the  map  on  the  screen. 

2 - Set  port  of  Graphics/ Joy  stick. 

5 - Erase  the  graphics,  1 dot  at  a time. 

10—17  - These  lines  produce  updated  horizontal  and  verti- 
cal coordinates.  Peek  (32782)  returns  a decimal  value  from 
the  Joystick.  The  program  receives  an  “A”  value,  which 
varies  from  1 to  62.  Then  it  receives  the  “B”  value,  which 
varies  from  129  to  328. 

30  - Display  the  cursor  at  the  coordinate  (A,B). 

35  - Erase  the  cursor  at  the  coordinate  (A,B). 

38  - Determine  what  to  do  as  a result  of  where  the  cursor 
is  (A,B). 

40  - Loop  back  and  get  a new  value  of  (A,B). 

100-155  - Erase  the  graphics  display  (subroutine). 

500-540  - Erase  a dot  at  A,B.  (Subroutine). 

1000—1040  - Write  a dot  at  A,B,  then  erase  it.  (Subroutine). 
5000-5100  - This  subroutine  writes  the  map  on  the  screen. 
8000-8015  - This  code  compares  (A,B)  with  the  range  of 
values  for  a forward  move.  If  any  test  fails,  the  program 
goes  to  8050  and  starts  checking  for  a reverse  motion.  If 
(A,B)  falls  within  the  specified  range  then  a forward  motor 
command  is  sent  to  the  relay  interface.  The  program  then 
goes  back  for  a new  ((A,B)  value. 

8050-8060  - These  lines  test  for  a backward  motion,  simi- 
lar to  Lines  8000-8015. 

8025  - Change  screen  from  computer  to  video  image.  Set 
robot  going  forward. 

8070  - Similar  to  8025  except  backwards. 

8100—8110  - Check  for  left  turn. 

8120  - Similar  to  8025  except  left. 

81 50-81 59  - Check  for  right  movement. 

8170  - Similar  to  8025  except  right. 

8200-8205  - If  all  tests  fail,  stop  motors,  restore  computer 
image  to  screen,  go  back  for  new  (A,B). 

8500-8505  - Subroutine  to  change  screen  from  computer 
image  to  video  image.  |N 
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VIDEO-CASSETTES 

FOR  MICROPROCESSOR  EDUCATION 

( TV  courses  — can  be  played  on  most  popular  video  formats) 


THE  COURSES: 

• A1  - MICROPROCESSORS 

The  basic  hardware  course  - 14  hours 

• B3  - MILITARY  MICROPROCESSOR 
SYSTEMS  - Techniques  and  systems  - 7 hrs 

• B5  - BIT  SLICE 

Building  an  actual  CPU  with  slices  - 7 hrs 

• B7  - MICROPROCESSOR  INTERFACING 
TECHNIQUES  - From  keyboard  to  floppy  disk 
7 hrs 


2161  SHATTUCK  AVE. 
Berkeley,  CA  94704 
TEL:  (415)  848-8233 
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THE  SUPPORT: 

• Special  SEMINAR  BOOK  for  each  course, 
coordinated  to  the  presentation 

• Reference  TEXTS  (also  available  separately) 

• Complementary  short  audio  cassettes  for 
personal  use  (3  hours) 

• IN-HOUSE  TRAINING 
Minimum;  15  participants. 

ALSO  AVAILABLE: 

Programmed  courses  on  audio  cassettes  for  all 

these  courses  and  more  ($29.95  and  up,  including 

special  book). 

NEW  SYBEX  BOOKS 

C201  - MICROPROCESSORS 
420pp.  150  illustrations  $9.95 

C207  - MICROPROCESSOR  INTERFACING 
TECHNIQUES 


350pp,  320  illustrations 


$9.95 


MICROPROCESSORS 

FROM  CHIPS  TO  SYSTEMS 

Rodnay  Zaks 

420pp,  150  illustr,  ref  C201  $9.90 

Our  Bestseller.  This  book  is  the  result  of  the 
author’s  experience  in  teaching  microprocessors 
to  more  than  2000  persons.  It  presents  a com- 
prehensive introduction  to  all  the  aspects  of 
microprocessors,  from  the  components  to  the 
assembly  of  a system.  The  difficulty  of  each 
chapter  Is  graduated  from  the  basic  concepts 
to  the  actual  technical  details.  It  is  read  by 
students,  technicians,  managers,  engineers, 
educators,  doctors  and  by  all  those  who  wish  to 
understand  rapidly  and  efficiently  all  the  important  aspects 
of  microprocessor  use,  selection,  or  application. 

CONTENTS:  Fundamental  Concepts...  Internal  Operation  of  a 
Microprocessor...  System  Components...  Comparative  Micro- 
processor Evaluation...  System  Interconnect...  Microprocessor 
Applications...  Interfacing  Techniques...  Microprocessor  Pro- 
gramming... System  Development...  The  Future... 

ALSO  AVAILABLE.  MICROPROCESSOR  ENCYCLOPEDIA 

• VOL  I:  8-BITS,  ref  E8  $15.00 

• VOL  II:  BIT-SLICE,  ref  E5  $15.00 

TO  ORDER 

• BY  PHONE:  call  (415)  848-8233 
BankAmericard/Mastercharge  accepted 

• SHIPPING:  no  charge  when  payment 
included. 

ADD:  $1.00/book  for  fast  shipping. 

• TAX:  in  California,  add  sales  tax. 

• OVERSEAS:  66  French  Francs.  Write  to: 

SYBEX-EUROPE,  313  rue  Lecourbe 
75015  - PARIS,  France  Tel:(1  >8282502 


MICROPROCESSOR 

INTERFACING 

TECHNIQUES 

Austin  Lesea,  Rodnay  Zaks 
350pp,  320  illustr,  ref  C207  $9.95 


microprocessor 

INTIRPAaNG 

techniques 


FROM  KEYBOARD  TO  FLOPPY  DISK:  All  the 
basic  concepts  and  techniques  for  assembling 
a complete  microcomputer  system  are  presented 
in  detail,  with  over  320  Illustrations  or  diagrams, 
including  teletype,  keyboard,  floppy  disk,  CRT 
display,  analog  / digital  interfacing.  One  chapter 
is  dedicated  to  the  bus  standards,  including 
S100,  and  IEEE488,  and  one  chapter  to  testing 
and  debugging. 

CONTENTS:  Introduction...  Assembling  the  Central  Processing 
Unit...  Basic  Input-Output...  Interfacing  the  Peripherals...  Analog 
Conversion...  Bus  Standards...  Case-study:  a 32-channel  Multi- 
plexer... Digital  Trouble-Shooting...  Conclusion-Evolution. 

DISTRIBUTION /TRANSLATION  INQUIRIES  INVITED 


2161  Shattuck  Ave. 
Berkeley,  Ca  94704 
Tel:  (415)  848-8233 


NAME 

COMPANY 
ADDRESS_ 
CITY 


.POSITION 


STATE/ZIP. 

□C207  □ Other:  _ 


□ Send  me:  DC201 

□ Payment  enclosed  □ Bill  company  □ Bill  me 

ADD  $1.00  / BOOK  FOR  FAST  SHIPPING 
n charge  my  □ Visa  □ Master  charge 

□ Number Exp  date 

Signature □ Send  catalog. 


PC  F‘78 


FEBRUARY  1978  Pcrsonal  Computing  63 


*nftOono«® 


W 


64  Personal  ComDutins  February  i97s 


f 


lpe<iol  Offer 

'SevetBOpo 

Present  the  special  discount 
coupon  (found  later  in  this  maga- 


mmm 


X 


spmc 


BYT 


e 


SPACE  BYTE  Spftware  Development  Systems  are  versatile  and  cost 
effective;  featuring  the  SPACE  BYTE  8085  CPU,  self  contained  com- 
puter, 16K  SPACE  BYTE  fully  static  RAM  and  the  new  SPACE  BYTE 
2708/2716  EPROM  Programmer,  All  PROM  progrdmming,  I/O  handling 
FDOS,  and  complete  debugging  routines,  with  breakpoints  are 
intrinsic  to  the  SPACE  BYTE  system  monitor.  Complete  software  support 
too,  with  iCOM  FDOS  III,  8080,  8085,  Z-80  relocatable  macro  assem- 
bler, operating  system.  Disk  Extended  Basic,  CP/M  and  FORTRAN-80 
and  the  SPACE  BYTE  exclusive  3870/F8  cross  assembler. 


THE  SPACE  BYTE  SYSTEMS  GROUP 
Software  Development  Systems 
Business  Systems 
Word  Processors 

SPACE  BYTE  MICRO  COMPUTER  PRODUCTS  ARE  SUPPORTED 
BY  COMPUTER  RETAILERS  WORLD  WIDE. 

1720  Pontius  Ave.  Suite  201 
Los  Angeles,  CA  90025 


978 


Persona/  ^ 


SPACE  BYTE  SOFTWARE  DEVELOPMENT 
SYSTEM  PRICING  STARTS  AT  $5900. 


Somewhere  in  your  city  an  entre- 
preneur wants  a computer’s  help.  This 
entrepreneur  knows  he  needs  complete, 
timely  information  to  succeed.  If  the 
Lemonade  Computer  Company  can 
help  him  make  decisions  based  on 
knowledge  rather  than  intuition,  he 
will  be  happy  to  reimburse  the  com- 
pany for  its  services. 

This  entrepreneur  (let’s  call  him 
Joe)  is  in  an  unusual  business  — hous- 
ing resales.  Joe  starts  out  by  buying  a 
run-down  house,  a “fixer-upper”, 
located  in  a good  neighborhood  at  a 
price  10%  or  more  below  the  current 
market.  He  then  repairs  and  remodels 
the  house  and  re-sells  the  property  at 
the  true  market  value  as  soon  as 
possible.  Joe  makes  money  when  the 
difference  between  his  buying  and 
selling  prices  exceeds  his  total  expenses. 
He  needs  complete,  accurate  data 
when  he  purchases  the  property  and 
when  he  negotiates  its  sale.  In  addition, 
he  must  schedule  the  repair  work  ef- 
ficiently. Here  is  where  the  Lemonade 
Estimating  and  Scheduling  Service 
(LESS)  offered  by  the  Lemonade  Com- 
puter Company  can  be  of  value. 

The  central  idea  of  LESS  is  to  esti- 
mate expenses  by  predefined  categories 
and  use  these  to  calcualte  the  break- 
even resale  price  for  the  property. 

After  the  sale,  comparing  actual  ex- 
penses to  the  estimates  helps  sharpen 
future  estimates.  From  the  actuals,  he 
also  calculates  the  profit  on  the  trans- 
action. Expense  categories  vary  by 
entrepreneur  and  need  customizing 
for  each  individual  (see  representative 
list  in  the  LESS  Report  1 — Estimates.) 

LESS  is  organized  conceptually  in 
three  stages;  Pre-buy,  Repair,  and  Post- 
sale. Each  stage  is  described  below  in 
terms  of  its  input,  output  and  pur- 
pose. The  development  and  implemen- 


tation of  the  actual  programs  is  left  as 
a non-trivial  task  for  the  reader. 

Pre-buy 

This  stage  assists  the  customer  in  de- 
ciding the  highest  price  he  can  pay  for 
the  house  and  still  make  a reasonable 
profit.  The  basic  input  is  (a)  the  esti- 
mated expense  of  repairing  the  house, 
by  category,  (b)  the  estimated  expense 
associated  with  re-sale  of  the  property 
and  (c)  the  proposed  cost  of  the  house 
itself.  All  input  is  collected  according 
to  the  predetermined  expense  category 
Input  item  (c)  probably  varies  during 
successive  runs  of  the  program,  and 
may  automatically  cause  other  ex- 
penses — points,  escrow  fees  — to 
change.  LESS  Report  1 , the  output 
of  the  Pre-buy  phase,  gives  our  entre- 
preneur the  price  at  which  the  house 
must  be  sold  to  make  money. 

Repair 

The  Repair  phase  is  really  a scheduling 
program.  Each  category  of  expense 
established  by  Joe  may  represent  a 
distinct  item  of  work  to  be  done  on 
the  house.  Each  of  these  items  will 
take  a definite  amount  of  time  (e.g., 
one  day  for  carpeting).  Repairs  should 
also  be  done  in  a definite  order,  e.g., 
painting  before  carpeting.  The  schedul- 
ing procedure  itself  will  depend  on  the 
people  Joe  uses  to  do  the  work  and  his 
past  experience  with  them. 

Estimates  developed  during  Phase  1 
(the  Pre-buy)  provide  the  input  for  the 
Repair  phase.  In  this  phase  LESS  then 
schedules  the  work  according  to 
whether  that  item  of  repair  is  called  for 
(has  a non-zero  estimate).  In  addition, 
this  phase  computes  the  minimum 
number  of  days  required  before  the 
house  can  be  shown.  This  estimate 
helps  the  entrepreneur  set  up  his  open 
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house.  LESS  Report  2 shows  the  re- 
pair schedule  and  elapsed  days  compu- 
tation — the  LESS  Scheduling  Report. 

Post-sale 

After  the  property  is  sold,  this  phase  of 
LESS  helps  the  entrepreneur  determine 
profit  or  loss  on  the  transaction  by  ac- 
cumulating actual  expenses  by  category. 

Several  items  are  input:  (a)  actual 
cost  and  actual  selling  price  of  the 
house,  (b)  number  of  house  payments 
made  by  Joe  while  the  property  re- 
mained vacant,  (c)  actual  expenses  as- 
sociated with  the  transaction  and  (d) 
estimates  of  costs  during  Phase  1.  The 
output  report  develops  a cost  variance 
by  comparing  actual  expense  with  es- 
timated expense,  and  also  figures  the 
percentage  of  total  cost  represented  by 
actual  expense.  Joe  uses  a simple  form- 


LESS REPORT  1 


TRANSACTION  ID  XXXXX  ADDRESS  X- 


CAT 

DESCRIPTION 

ESTIMATE 

PER 

0 

COST  OF  HOUSE 

45,000 

_ 

1 

CARPETING 

500 

34 

2 

DRAPES 

150 

10 

3 

ELECTRICAL  WORK 

0 

4 

PAINTING  - INT 

50 

03 

5 

PAINTING  - EXT 

225 

15 

6 

WINDOW  REPAIR 

75 

05 

7 

HOUSE  CLEANING 

35 

02 

9 

CARPENTRY 

0 

10 

NEW  APPLIANCES 

325 

22 

11 

PLUMBING  REPAIR 

75 

05 

12 

OTHER  - XXXXXXXXXXX 

0 

TOTAL 

1 THRU  12 

1,470 

22 

13 

POINTS 

4,400 

82 

14 

TITLE  SEARCH 

35 

01 

15 

INSURANCE/IMPOUNDS 

425 

08 

16 

TERMITE  INSP 

55 

01 

17 

OTHER  ESCROW  FEES 

400 

07 

TOTAL 

13  THRU  17 

5,315 

78 

TOTAL 

1 THRU  17 

6,785 

- 

GRAND 

TOTAL  0 THRU  17 

51,785 

- 

BY  REGINALD  GATES 


ula  to  calculate  profit:  profit  = selling 
price  - costs;  where  costs  = purchase 
price  + repair  costs  + house  payments 
+ sale  expenses.  This  report  forms  a 
valuable  part  of  the  entrepreneur’s 
financial  records.  LESS  Report  3 — 
Actuals  shows  how  the  data  looks . 

Development  of  LESS 

As  mentioned  before,  the  design,  cod- 
ing and  testing  of  the  program  (or  pro- 
grams) for  LESS  are  not  as  easy  as 
they  first  sound.  Since  actual  design 
differs  with  system  resources  available, 
only  a few  general  guidelines  apply. 

• The  reports  produced  by  the  system 
almost  demand  that  the  Lemonade 
Computer  Company  have  some  sort  of 
hard-copy  device  available.  If  the  com- 
pany doesn’t  own  one,  perhaps  they 
could  locate  a club  or  individual  who 


can  read  and  print  data  from  a cassette. 
LESS  could  then  write  the  reports  on 
cassette  and  this  other  system  could 
print  them.  Of  course,  the  cassette  for- 
mats would  have  to  be  compatible. 

• LESS  could  be  developed  as  one  large 
program  working  on  an  array  in  core.  If 
so,  the  Lemonade  Computer  Company 
must  provide  for  retaining  the  array 
values  between  execution  of  the  various 
phases  of  the  program.  You  also  need 
mechanism  to  pass  control  between 
phases. 

• LESS  could  also  operate  as  three  sep- 
arate programs,  one  for  each  phase.  In 
this  case,  the  provision  system,  for 
transfering  must  make  estimate  data 


LESS REPORT 2 

TRANSACTION  ID  XXXXX 

TYPE 

ITEM 

MIN 

MAX 

OUTSIDE 

WINDOW  REPAIR 

01 

02 

PAINTING  - EXT 

03 

07 

YARD  WORK 

01 

01 

TOTAL - 

- 05 

10 

INSIDE 

PLUMBING 

01 

02 

(PLUMBING  INSP) 

02 

05 

NEW  APPLIANCES 

01 

03 

PAINTING  - INT 

01 

02 

CARPETING 

01 

02 

DRAPES 

01 

03 

HOUSE  CLEANING 

01 

01 

TOTAL  

- 08 

18 

GRAND  TOTAL  — — 

- 13 

28 

between  phases  (floppy  disks  anyone?). 
This  approach  will  take  less  core. 

• In  either  approach  to  LESS’s  design, 
the  plan  must  permit  customizing  the 
categories  for  the  entrepreneur’s 
requirements. 

• Regardless  of  the  development  path 
chosen,  LESS  should  be  completely 
tested  using  a reasonable  set  of  cate- 
gories before  attempting  to  locate  a 
nearby  entrepreneur. 

The  data  processing  industry  is  filled 
with  examples  of  technically  excellent 
products  that  were  commercial  failures 
because  of  marketing  problems.  Pricing 
and  marketing  know-how  will  separate 
successful  Lemonade  Computer  Com- 
panies from  the  rest.  Even  with  a work- 
ing model  of  LESS,  the  job  is  only  half 
done. 

One  of  the  first  questions  any  pros- 
pective client  will  ask  is  “How  much 
will  this  cost?”.  To  price  this  service 
the  Lemonade  Computer  Company  will 
need  to  answer  some  basic  questions 
about  itself. 

First,  is  the  company  in  business  to 
make  a profit?  If  the  Lemonade  Com- 
pany intends  to  make  a profit,  its 
services  must  be  priced  to  recover 
equipment  cost  over  a reasonable  per- 
iod and  repay  the  programmer  for 
time  spent  developing  the  services.  On 
the  other  hand,  if  the  hardware  was 
purchased  primarily  for  personal  enjoy- 


LESSREPORT 3 

TRANSACTION  ID  XXXXX  ADDRESS  X X 


CAT 

DESCRIPTION 

EST 

ACTUAL 

PER 

VAR 

0 

COST  OF  HOUSE 

45,000 

46,200 

87 

1,200 

1 

CARPETING 

500 

550 

01 

50 

2 

DRAPES 

150 

130 

00 

-20 

3 

ELECTRICAL  WORK 

0 

0 

4 

PAINTING  - INT 

50 

50 

00 

0 

5 

PAINTING  - EXT 

225 

275 

01 

50 

6 

WINDOW  REPAIR 

75 

35 

00 

-40 

7 

HOUSE  CLEANING 

35 

35 

00 

0 

8 

YARD  WORK 

35 

35 

00 

0 

9 

CARPENTRY 

0 

0 

0 

10 

NEW  APPLIANCES 

325 

350 

01 

25 

11 

PLUMBING  REPAIR 

75 

150 

00 

75 

12 

OTHER 

0 

0 

0 

TOTAL 

1 THRU  12 

1,470 

1,610 

03 

140 

13 

POINTS 

4,400 

4,400 

08 

0 

14 

TITLE  SEARCH 

35 

35 

00 

0 

15 

INSURANCE/IMPOUNDS 

425 

125 

00 

-300 

16 

TERMITE  INSP 

55 

55 

00 

0 

17 

OTHER  ESCROW  FEES 

400 

455 

01 

55 

TOTAL 

13  THRU  17 — 

5,315 

5,070 

10 

TOTAL 

1 THRU  17  

6,785 

6,680 

13 

-105 

GRAND 

TOTAL  0 THRU  17  

51,785 

52,880 

1,095 

SELLING  PRICE  ***** 

54,500 

HOUSE  PAYMENTS  **** 

850 

PROFIT  **** 

770 

ment,  and  if  the  programmer  does  not 
wish  to  be  reimbursed,  any  revenue 
from  the  services  is  considered  profit. 

In  this  mode,  the  price  of  the  com- 
pany’s offerings  can  be  much  lower. 

Most  Lemonade  Computer  Companies 
will  fall  into  the  latter  category. 

The  next  question  is  whether  to 
price  the  service  on  a fixed  monthly  fee 
basis,  or  on  a transaction  basis.  While  a 
fixed  monthly  fee  would  assure  a 
known  income,  charging  the  customer 
for  each  use  of  the  service  seems  to  be 
the  most  feasible  approach.  In  the  case 
of  LESS,  the  user  would  pay  a fixed 
amount  for  each  report,  since  these  are 
the  major  outputs  of  the  system.  This 
method  would  eliminate  any  problems 
with  trying  to  measure  “connect  time”. 
Subjectively,  a price  of  $5  to  $10  a 
report  would  seem  about  right. 

Now  that  LESS  has  been  priced  ac- 
cording to  the  purpose  and  policies  of 
the  Lemonade  Company,  the  next  task 
is  to  locate  prospective  users.  Talk  to 
your  friends,  your  realtor,  escrow  of- 
ficers, people  you  know  in  the  build- 
ing trades,  until  you  find  a possible 
client.  Contact  businesses  and  explain 
what  you’re  doing.  If  you  must  make  the 
initial  contact  by  mail,  it  would  be  a 
good  idea  to  send  along  a sample  of 
LESS’s  reports.  If  possible,  invite  the 
propsect  to  a demonstration  of  the  sys- 
tem. You  might  even  offer  the  service 
free  for  a trial  period  to  whet  interest. 
(Hopefully,  at  the  end  of  the  trial  per- 
iod your  prospect  will  like  LESS  so 
much,  or  will  have  become  so  depen- 
dent on  it,  that  he  will  continue.) 

Enhancements 

What  we’ve  described  has  been  the 
“kernel”  of  the  Lemonade  Estimating 
and  Scheduling  Service.  Further  sys- 
tem additions  beckon.  Perhaps  you 
could  expand  Phase  3 to  give  the  client 
a year-to-date  expense  report  for  tax 
purposes.  You  could  modify  Phase  1 
to  accept  expense  input  directly  or 
calculate  the  amount,  given  certain 
parameters  for  a category.  For  example, 
given  the  yards  of  carpeting  required. 
Phase  1 should  be  able  to  compute  the 
cost.  Could  LESS  also  expand  to  gen- 
erate Accounts  Payable  as  a function 
of  Phase  3?  The  possibilities  are  in- 
triguing. LESS  illustrates  again  that 
the  personal  computer  can  do  other 
things  than  play  Star  Trek.  The  system 
fills  a definite  need  in  a real  business. 

As  such,  it  could  be  a legitimate  com- 
mercial offering.  While  LESS  alone 
would  not  support  a Lemonade  Com- 
puter Company,  it  could  be  a revenue- 
generating application.  |M 
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Scaling  the  Cliffs 
to  Computer  Mastery 

Part  II 

BY  RAYMOND  HOWELL 


In  Part  I of  this  article,  (Janu- 
ary ’78)  you  learned  enough 
about  microcomputers  to  get 
your  hands  on  one  and  start 
using  it.  But  several  sticky 
questions  might  arise  where 
the  answers  will  not  be  found 
in  manuals  or  magazine  articles 
at  this  stage  of  your  know- 
edge.  A closer  look  at  a few 
basic  areas  should  prove  help- 
ful in  your  progress  through 
the  world  of  microcomputers. 

Up  to  now  I’ve  used  simple 
examples  and  terminology. 

I’ll  begin,  now,  to  use  specific 
terminology  more  consistent 
with  what  you  will  find  in  the 
microcomputer  world. 

Octal  and  hexadecimal 
numbering  systems 

In  our  example  with  I/O  ports 
we  used  eight  lights  to  tell  us 
what  was  on  the  data  bus,  16 
lights  to  indicate  the  address 
that  was  on  the  address  bus, 
and  16  switches  to  enter  the 
data  into  the  computer.  We 
had  no  choice  but  to  talk  to 
the  computer  in  its  own  lan- 
guage — machine  language  — 
which  uses  the  binary  number 
system.  If  you’re  like  me 
though,  numbers  above  deci- 
mal 15  become  rather  difficult  to  handle. 

We’re  now  familiar  with  two  number  systems:  the  deci- 
mal number  system  (base  ten)  that  uses  ten  numbers,  0-9; 
and  the  binary  system  (base  two)  that  uses  only  two  num- 
bers, 0 and  1 . But  there  are  other  useful  systems  using  dif- 
ferent number  bases.  Consider  these  two  systems  — octal 
and  hexadecimal. 

The  octal  number  system  (base  eight)  uses  eight  numbers, 
0-7;  while  hexadecimal  (base  16)  uses  16  numbers,  0-F. 

Base  eight  has  no  number  8 or  9.  Rather,  when  we  reach 
number  7 we  start  over  with  10  as  in  the  decimal  system 
(after  9 comes  10). 

The  hexadecimal  system  (hex  means  6 and  decimal  means 
10,  thus  6 plus  10  equals  base  16),  proposes  a different 
story.  Here  we  use  16  numbers.  The  first  ten  numbers  are 
familiar,  0-9,  but  what  about  the  other  six  numbers?  Well, 
we  use  the  first  six  letters  of  the  alphabet,  A-F. 


In  the  first  part  of  this  ar- 
ticle we  considered  binary 
numbers  of  eight  digits,  a 
byte.  Now  look  at  a byte  of 
data  similar  to  those  that 
might  appear  on  the  eight 
switches  on  the  front  panel  of 
your  sample  computer.  It’s 
easier  to  use  two  digits  rather 
than  eight  digits  to  represent 
a given  quantity. 

In  Fig  1 a-c  we  see  eight 
digit  binary  numbers  and  the 
same  quantity  expressed  with 
two  hex  (short  for  hexadeci- 
mal) digits.  The  eight  digit  bi- 
nary number  is  divided  into 
two  4-digit  binary  numbers 
and  each  four  digit  binary  is 
assigned  its  equivalent  hex 
number.  Hex  is  much  easier 
to  work  with  when  writing  or 
transferring  data  with  any  de- 
gree of  accuracy. 

The  highest  single  digit  hex 
number,  F,  corresponds  to 
1 1 1 1 in  binary.  It’s  also  the 
largest  number  that  can  be  ex- 
pressed with  four  binary  digits. 
This  is  why  it’s  convenient  to 
use  two  hex  digits  to  represent 
eight  binary  digits. 

The  largest  single  octal  dig- 
it, 7.  (Fig  1 d-f)  corresponds 
to  the  largest  three  digit  binary  number  1 1 1.  So  by  start- 
ing on  the  right  side  of  an  eight  digit  binary  number  and 
dividing  it  into  groups  of  three  digits,  you  easily  convert 
a byte  of  data  from  binary  to  octal.  The  left  most  group 
of  the  eight  digit  binary  number  will  contain  only  two 
binary  digits. 

Most  manufacturers  of  CPU’s  publish  instruction  sets 
with  operator  codes  expressed  in  hexadecimal.  Some  instruc- 
tion sets  give  operator  codes  in  hexadecimal  and  octal.  Bi- 
nary is  also  sometimes  included  for  the  operator  code.  This 
is  useful  only  if  your  I/O  input  has  eight  data  switches.  If 
you’re  using  a keyboard  input  and  a teletype  or  video  out- 
put, you’ll  most  likely  use  hex  to  talk  to  your  computer. 

Bytes  and  words 

Another  term  you  will  encounter  in  computer  language  is 
“word”.  We  talked  about  bits  and  bytes,  and  in  our  sample 
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microcomputer  the  CPU  worked  with  one  byte  of  data  at 
a time.  But  in  some  minicomputers,  the  CPU,  memory  and 
data  bus  work  with  16  bits  or  two  bytes  of  data  at  a time. 
Whatever  the  computer  handles,  8 bits  or  16  bits  at  a time, 
it  is  called  a “word”.  Most  microcomputers  though,  work 
with  8 bit  words  — a byte.  Some  larger  computers  work 
with  32  bit  or  four  byte  words.  Although  a byte  and  a word 
are  synonymous  in  most  microcomputers  you  shouldn’t  con- 
fuse them. 


Figure  1 

oiipiioo 
V V 

01101110 
V V 

6 C 

6 

E 

(a) 

(b) 

11100110 

01101100 

01101110 

11100110 

V V 

VVV 

VVV 

VVV 

E 6 

1 5 4 

1 5 6 

3 4 6 

(c) 

(d) 

(e) 

(f) 

Types  of  memories 

Memories  can  be  categorized  in  several  different  ways.  One 
way  is  volatile  and  non-volatile.  Volatile  memory  will  not 
retain  data  when  power  is  removed  while  non-volatile  mem- 
ory does  not  require  external  power  to  maintain  its  contents, 
Some  volatile  memory  comes  with  a back-up  power  supply 
that  operates  from  batteries. 

Not  all  memory  can  store  data  from  the  CPU.  The  type 
of  memory  that  cannot  is  called  read-only  memory  (ROM). 
So  here  is  another  way  to  categorize  memory:  ROM  and 
RAM  (or  read-and-write  memory).  ROM  and  RAM  can  be 
read  from,  but  only  RAM  can  be  written  into  by  the  CPU. 
ROM  memory  is  programmed  during  manufacturing,  and 
contains  a program  that  will  be  used  over  and  over.  The  pro- 
gram remains  permanently  in  the  computer  and  cannot  be 
erased  or  written  on  top  of. 

Along  with  RAM  and  ROM  you  run  across  terms  like 
PROM,  EPROM  and  others.  PROM  (programmable  read- 
only memory)  is  programmed  in  the  field  by  the  user  rather 
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than  at  the  time  the  machine  is  manufactured.  Once  PROM 
has  data  stored  it  really  becomes  ROM  because  its  data  can- 
not be  changed.  EPROM  (erasable  programmable  read-only 
memory)  is  similar  to  PROM  except  that  if  you  make  a mis- 
take in  programming  it  or  want  to  change  the  data,  you  can 
erase  and  reprogram  the  EPROM. 

Software  and  hardware 

We’ve  talked  about  CPU’s,  memory,  buses  and  I/O’s.  All  of 
these  things  we  can  touch  and  see,  and  they’re  called  hard- 
ware. Software  we  cannot  see.  Software  is  the  program, 
stored  in  memory,  that  causes  the  computer  to  perform  a 
given  task.  We  see  the  software  only  when  it’s  printed  out. 

When  you  write  a program  into  ROM,  PROM  or  EPROM 
so  that  it  cannot  be  altered  by  the  computer,  you  call  it 
firmware.  Software  documentation  is  the  written  copy  of 
the  software  or  firmware. 

If  you  start  looking  at  actual  instruction  sets  of  various 
CPU’s,  you’ll  find  each  instruction  associated  with  a term 
such  as  “clock  cycles”  or  “machine  cycles”.  This  refers  to 
the  number  of  cycles  the  CPU  clock  has  to  make  in  order 
to  perform  that  particular  instruction.  This  information  be- 
comes important  when  you  program  your  computer  to  per- 
form timed  events. 

Expanded  CPU 

In  our  previous  study  of  the  CPU  we  did  not  discuss  three 
important  items.  The  first  is  the  Arithmetic  Logic  Unit 
(ALU).  Previously  we  considered  the  accumulator  respon- 
sible for  all  the  math.  In  reality,  the  accumulator  regeives 
data  from  the  data  bus.  But  if  you  require  an  arithmetic  or 
logic  (OR,  AND,  NOR)  operation,  the  ALU  performs 
that  task  (see  Fig  2).  If  the  accumulator  receives  data  and 
an  instruction  to  store  that  data  in  another  location,  then 
the  accumulator  performs  that  operation  without  involving 
the  ALU.  If  the  instruction  were  ADD,  or  any  other  arith- 
metic or  logic  instruction,  the  ALU  would  perform  the  math 
and  leave  the  results  in  the  Accumulator. 

Another  new  item,  the  Condition  Code  Register  (CCR), 
connects  to  the  ALU  and  to  the  data  bus.  The  CCR  records 
some  results  of  the  ALU  action  such  as:  did  the  operation 
performed  by  the  ALU  result  in  zero  in  the  accumulator? 
did  the  ALU  operation  create  a carry,  that  is,  a number 
greater  than  eight  binary  digits?  was  the  result  positive  or 
negative?  These  conditions  are  sometimes  spoken  of  as  flags 
— zero  flag,  carry  flag,  sign  flag.  Each  CPU  manufacturer  has 
various  kinds  and  numbers  of  flags. 

The  CCR  also  connects  to  the  data  bus  so  that  its  contents 
can  be  read  the  same  as  any  memory  location.  When  you 
look  at  different  kinds  of  instructions,  you  can  see  the  im- 
portance of  the  CCR. 


Mnemonics 

If  you’ve  been  looking  at  actual  instruction  sets,  you’ve  prob- 
ably come  across  the  term  mnemonic.  A mnemonic  is  an 
abbreviation  for  the  real  meaning  of  the  instruction.  For  ex- 
ample, the  mnemonic  ADDM  might  mean  “add  the  contents 
of  a memory  location  to  the  accumulator  contents  and  leave 
the  result  in  the  accumulator.”  The  use  of  mnemonics  makes 
for  briefer  programs  while  enhancing  clarity.  Note  that  the 
instruction  set  gives  the  operator  code  and  the  number  of 
operands  that  must  accompany  the  operator  code  to  make 
the  instruction  complete.  Some  instructions  do  not  have  an 
operand,  while  others  have  one  operand  and  still  others 
have  two  operands. 

Instruction  sets 

The  instruction  set  for  any  microcomputer  can  be  arranged 
in  five  groups;  data  transfer,  arithmetic,  logical,  branch  and 
control.  The  data  transfer  group  of  the  instruction  set  in- 
cludes instructions  that  are  used  to  move  data  between 
memory  and  the  CPU  or  between  I/O  ports  and  the  CPU. 

The  arithmetic  group  of  instructions  performs  addition, 
subtraction,  incrementing  and  decrementing.  These  opera- 
tions take  place  in  various  registers  as  well  as  memory.  The 
logic  group  of  instructions  perform  logic  operations  such  as 
AND,  OR,  EXCLUSIVE  OR,  compare,  rotate,  and  comple- 
ment in  registers  or  memory. 

The  branch  instruction  group  causes  the  program  counter 
to  jump  to  another  location  in  memory  and  begin  exfebuting 
the  program  at  the  location.  These  instructions  are  either 
conditional  or  unconditional.  An  unconditional  branch 
instruction,  sometimes  called  jump  or  skip,  will  tell  the 
CPU  to  move  to  a given  location  and  execute  the  program 
there.  A conditional  branch  depends  on  the  last  operation 
of  the  CPU  and  how  that  operation  affected  the  CCR.  For 
example,  “branch  if  zero  flag  is  set”  will  instruct  the  CPU 
to  examine  the  CCR  to  see  if  the  zero  flag  is  set.  The  CPU 
will  make  a decision  based  on  its  findings.  If  the  zero  flag 
is  set,  the  program  counter  will  jump  to  the  location  pointed 
to  by  the  operand  of  the  branch  instruction.  If  the  zero  flag 
is  not  set,  the  program  counter  will  bypass  the  branch  instruc- 
tion and  execution  will  continue  at  the  next  command. 

The  branch  group  of  instructions  also  includes  return  or 
non-return  branches.  With  a return  branch  instruction  the 
CPU  stores  the  address  of  the  branch  instruction  in  some 
memory  location.  The  program  counter  will  jump  to  the  lo- 
cation pointed  to  by  the  branch  instruction  and  the  CPU  ex- 


Manufacturers  do  not  always  break  down  their 
instruction  sets  into  clear  groups,  but  if  you  can  visualize  the  five 
categories,  it  can  help  as  you  learn  a particular  GPU’s 
instruction  set  and  be^in  to  write  your  own  program. 
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ecutes  that  program  until  it  comes  to  a return  instruction. 

At  that  point  the  program  counter  will  get  the  previously 
saved  branch  instruction  address  and  return  to  the  main 
program  and  continue  executing  from  where  it  left  off.  With 
non-return  branch  the  CPU  does  not  store  the  address  of  the 
branch  instruction  and  thus  it  does  not  return  to  that  pro- 
gram. 

The  control  group  of  instructions  manipulate  the  program 
counter,  control  register  and  conditional  code  register.  These 
instructions  may  change  the  contents  of  these  registers,  in- 
crement them  or  decrement  them. 

Manufacturers  do  not  always  break  down  their  instruc- 
tion sets  into  clear  groups,  but  if  you  can  visualize  these  five 
categories,  it  can  help  as  you  learn  a particular  CPU’s  instruc- 
tion set  and  begin  to  write  your  own  programs. 

Addressing  modes 

Another  important  aspect  of  an  instruction  set  concerns  ad- 
dressing modes.  Up  to  now  we  have  spoken  of  an  instruc- 
tion as  being  composed  of  two  parts,  the  operator  and  the 
operand.  The  operator  is  the  basic  instruction  such  as  LOAD 
or  ADD;  the  operands  answers  the  question  “what”  or 
“where”.  Thus,  LOAD  the  accumulator  with  “what”  would 
mean  to  load  with  the  operand.  LOAD  the  accumulator  with 
“where”  means  the  operand  points  to  the  memory  location 
where  the  data  is  stored  that  is  to  be  loaded  into  the  accu- 
mulator. 

I must  confess  that  I’m  using  the  word  “operand”  incor- 
rectly, but  only  because  I haven’t  found  another  term  to  ex- 
plain the  two  parts  of  an  instruction.  In  reality  the  operand 
is  data  that  is  to  be  operated  on.  The  LOAD  instruction  may 
operate  on  the  byte  of  data  following  its  operator  in  which 
case  that  byte  contains  the  operand.  Or  the  LOAD  instruc- 
tion may  look  at  the  byte  of  data  following  the  operator  to 
find  out  where  the  operand  is  stored  in  memory. 

This  brings  us  to  addressing  modes.  Addressing  modes 
refer  to  the  different  ways  the  CPU  locates  the  operand  or 
data  to  be  operated  on.  In  the  simplest  addressing  mode, 
the  implied  or  inherent  mode,  the  address  is  implied.  For 
example,  the  instruction  CLEAR  implies  that  the  data  to  be 
operated  on  is  in  the  accumulator.  Instructions  with  addres- 
ses implied  are  one  byte  instructions. 

Another  addressing  mode,  the  immediate  mode,  means 
that  the  second  byte  of  the  instruction  contains  the  operand 
(see  Fig  3).  When  this  instruction  has  been  executed,  the  ac- 
cumulator will  contain  the  number  14. 

A direct  addressing  mode  means  that  the  second  byte  of 
the  instruction  contains  the  memory  location  of  the  operand 
(see  Fig  4).  At  the  completion  of  the  LOAD  instruction  (in 
Fig  4),  the  accumulator  will  contain  the  number  55.  Quite 
often  the  direct  mode  of  addressing  requires  that  the  instruc- 
tion consist  of  three  bytes,  the  first  being  the  operator,  the 
second  byte  containing  the  high  byte  of  the  address  and  the 
third  byte  containing  the  low  byte  of  the  address;  the  in- 
struction can  thus  address  any  location  from  0000  to 
FFFFi6  using  a 16  bit  binary  address  (see  Fig  5).  At  the 
completion  of  this  instruction,  the  accumulator  will  contain 
the  number  88. 

You  use  the  relative  mode  of  addressing  with  the  branch 
(conditional  or  unconditional)  instructions.  By  adding  the 
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content  of  the  second  byte  of  the  branch  instruction  to  the 
content  of  the  program  counter  (which  contains  the  address 
of  the  operator  of  that  branch  instruction)  you  end  up  with 
the  address  of  the  next  instruction  that  the  CPU  will  execute 
in  the  program  counter.  For  example,  in  Fig  6 the  present  in- 
struction being  executed  is  at  location  0100,  thus  the  pro- 
gram counter  contains  0100.  The  second  byte  of  the  branch 
instruction  is  23  which  is  added  to  the  0100  in  the  program 
counter  resulting  in  0123.  In  relative  addressing,  the  second 
byte  of  the  instruction  does  not  point  to  the  data  that  is  to 
be  operated  on,  but  rather  it  points  to  another  instruction. 
With  relative  addressing  there  are  limits  to  the  distance  you 
can  branch  from  the  current  instruction  since  only  one  byte 
specifies  that  distance. 

One  8-bit  binary  number  can  represent  up  to  256io 
memory  locations  and  CPU’s  are  designed  to  branch  forward 
and  backward.  This  means  you  can  reach  an  address  within 
+/-  128 10  locations  of  the  branch  instruction  using  the  rela- 
tive mode  of  addressing. 

We  know  that  microcomputers  communicate  with  the 
outside  world  via  input  and  output  ports  called  I/O’s.  When 
the  CPU  writes  data  into  a memory  location,  it  does  it  in 
parallel  format.  That  is,  all  eight  bits  are  handled  simulta- 
neously via  eight  parallel  conductors,  one  conductor  for 
each  bit  of  data  in  a byte.  Since  the  entire  internal  operation 
of  the  microcomputer  is  parallel  as  far  as  the  computer  is 
concerned,  parallel  I/Os  are  the  logical  way  to  communicate. 
But  much  of  the  equipment  you  may  connect  to  your  com- 
puter, such  as  a teletype  machine  or  a tape  recorder,  requires 
serial  data  transfer.  A single  conductor  sends  serial  data  so  it 
must  be  sent  one  bit  at  a time.  In  order  for  the  computer  to 
do  this  it  must  serialize  its  data.  This  can  be  accomplished 
either  by  hardware  or  software.  Many  IC’s  are  manufactured 
that  take  parallel  data  and  convert  it  to  serial  and  vice-versa. 
But  you  can  perform  the  same  task  using  a parallel  I/O  and 
software  to  serialize  the  data  through  only  one  of  the  parallel 
ports. 

Computer  language 

Computers  understand  “machine  language”  and  only  ma- 
chine language  — nothing  more  than  binary  I’s  and  O’s. 
Instruction  sets  list  their  operator  codes  in  machine  lan- 
guate.  Often  these  operator  codes  appear  in  hexadecimal, 
but  if  you’re  talking  to  your  computer  in  hex,  there  has  to 
be  an  interface  device  between  you  and  the  CPU  to  trans- 
late the  hex  number  to  binary.  But,  whether  you’re  using 


hexadecimal,  octal  or  binary,  you’re  still  using  machine 
language. 

You  can  also  use  “assembly  language”  with  computers. 
To  talk  to  your  computer  in  assembly  language,  you  use 
mnemonics.  Instead  of  giving  an  operator  code  to  the 
computer,  use  a mnemonic  such  as  LOAD.  For  the  CPU 
to  understand  your  instruction,  the  computer  must  con- 
tain a program  that  converts  the  mnemonic  to  machine 
language  or  I’s  and  O’s.  Assembly  language  is  easier  than 
machine  language  because  mnemonics  are  more  easily  re- 
membered than  the  operator  code  for  that  mnemonic. 

Higher  level  languages  such  as  BASIC,  COBAL  and  FOR- 
TRAN go  much  further  than  assembly  language  because 
they  enable  you  to  talk  to  your  computer  in  plain  English. 
Well,  almost  plain  English.  You  have  to  use  the  proper 
choice  of  words  in  the  correct  format.  To  function,  the 
computer  must  contain  a program  for  interpreting  what 
you  say. 

An  advantage  when  using  machine  language  is  that  you 
do  not  have  to  invest  in  the  extra  memory  needed  to  store 
higher  level  language  programs.  Another  advantage  is  that 
you’ll  learn  more  about  your  computer  by  communicating 
with  it  in  its  own  language,  and  you’ll  be  able  to  watch  how 
the  computer  goes  about  accomplishing  a given  task.  One  of 
the  most  rewarding  aspects  of  microcomputers  is  conceiving 
a task  and  devising  a way  to  perform  it  using  the  instruction 
set  and  any  hardware  you  desire.  A game  you  can  play  with 
no  holds  barred!  Yet  the  rules  (instruction  set)  are  fixed 
and  the  computer  will  not  let  you  break  even  one  of  them. 

Programming 

Several  basic  microcomputers  are  available  on  single  printed 
circuit  boards.  With  a suitable  power  supply  and  a teletype 
machine  connected  to  the  computer  board,  you’re  in  busi- 
ness. You  type  a command  in  machine  language  and  the 
computer  responds  by  typing  a reply  in  machine  language 
(usually  in  hexadecimal).  This  type  of  communication 
is  possible  because  on  that  one  printed  circuit  board  along 
with  the  CPU  chip  and  some  RAM,  there’s  a ROM  that  con- 
tains a monitor  program.  This  program  allows  you  to  exam- 
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ine  the  contents  of  any  memory  location,  change  the 
contents  of  any  location  in  RAM,  set  the  program 
counter  to  any  desired  location  and  execute  a pro- 
gram you’ve  written  into  a block  of  memory.  Some 
microcomputer  systems  have  monitors  that  call  other 
programs  stored  on  ROM,  such  as  a program  to  read 
and  write  on  cassette  tape. 

More  elaborate  microcomputers  usually  contain 
more  firmware.  Each  system  though  has  manuals  for 
firmware  documentation  and  instructions.  Again, 
only  your  imagination  will  limit  what  you  get  out  of 
the  available  firmware. 

To  program  your  computer  in  machine  language  to 
do  a particular  task,  try  following  these  steps:  define 
the  task;  flow  chart  the  process;  translate  into  ma- 
chine language;  and  finally,  load  and  debug. 

The  first  step,  defining  the  task,  is  the  most  impor- 
tant step.  To  write  a successful  program  you  must 
understand  the  capabilities  and  limitations  of  the 
hardware  and  outline  complete  specifications  of  the 
task.  A faulty  problem  design  insures  a faulty  program. 

Let’s  consider  a simple  problem.  We  have  a micro- 
computer with  a keyboard  input  and  a CRT  output. 

We  want  to  use  the  keyboard  and  CRT  as  a four  func- 
tion calculator.  This  defines  our  task.  The  specifica- 
tions are:  perform  addition,  subtraction,  multiplica- 
tion and  division.  Use  A + B = C format  on  the  CRT 
display;  entering  only  numbers.  Calculation  begins 
when  the  equal  sign  is  entered.  Now  our  specifications 
and  limitations  have  been  set.  We’re  ready  to  flow 
chart  our  problem.  This  process  often  uncovers  fac- 
tors you  may  not  have  anticipated  originally. 

Once  you  clearly  define  the  overall  task,  you  reduce  it 
to  manageable  blocks  and  flow  chart  it.  In  order  to  do  this 
you’ll  need  a thorough  understanding  of  the  problem,  the 
hardware  and  the  instruction  set  to  be  used.  Fig  7 gives  a 
flow  chart  for  the  problem  described  above.  Once  you’ve 
developed  a flow  chart  you  can  become  more  specific,  trans- 
lating each  block  of  the  flow  chart  into  mnemonics  and 
finally  into  machine  language.  When  you’ve  reached  this 
stage,  you’ve  written  your  program.  It  should  resemble  your 
microcomputer’s  documented  software  or  software  that  you 
might  see  in  microcomputer  magazines. 

Now  to  load  your  program  into  your  computer  and  see  it 
mn  — although  it  probably  won’t  the  first  time  (never  has  for 
me  anyway).  So  you’ll  have  to  debug  it.  If  you  have  a good 
troubleshooting  mind,  you  might  even  enjoy  examining 
your  program  and  finding  the  difficulties.  The  problem  will 
lie  in  one  of  two  areas;  errors  in  loading  the  program  into 
memory  or  misuse  of  instructions. 

To  develop  your  programming  skills,  begin  with  simple 
tasks  such  as  adding  two  numbers  or  moving  a small  block 
of  data  from  one  memory  section  to  another.  Then  attempt 
more  involved  tasks.  You’ll  be  surprised  at  what  you  can 
learn  from  your  mistakes  as  well  as  your  successes.  Look  for 
magazine  articles  on  your  particular  CPU  to  see  what  others 
have  done  and  the  techniques  they  have  used.  And  by  all 
means  find  another  person  involved  in  microcomputers  — 
you  can  learn  from  each  other.  |M 


Test  Yourself 

This  quiz  is  a learning  aid.  Some  of  the  answers 
may  be  debatable  but  they’ll  force  you  to  think 
through  the  various  aspects  of  a computer.  For 
this  you’ll  be  all  the  wiser. 

1 . A computer 

a.  Handles  one  or  two  words  at  a time. 

b.  Is  composed  of  a CPU  and  I/O’s  only. 

c.  Uses  only  I’s  and  O’s  internally. 

d.  Two  of  the  above. 

e.  None  of  the  above. 

2.  Instructions 

a.  Can  be  one,  two  or  three  words  long. 

b.  Have  an  address  mode. 

c.  Make  up  programs. 

d.  Two  of  the  above. 

e.  Three  of  the  above. 

3.  All  memory 

a.  Can  be  written  into. 

b.  Can  be  read  from. 

c.  Can  forget. 

d.  All  of  the  above.  i Continued  on  p.  78) 
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4.  The  memory  is  instructed  to  write 

a.  By  the  Data  Input  port. 

b.  By  the  Instruction  Register. 

c.  By  the  CCR. 

d.  None  of  the  above. 

5.  The  Input  Port 

a.  Is  used  to  enter  a program. 

b.  Looks  like  memory  to  the  CPU. 

c.  Is  neither  an  airport  nor  seaport. 

d.  Two  of  the  above. 

e.  All  of  the  above. 

6.  The  CPU 

a.  Contains  a program  counter. 

b.  Performs  logic  operations. 

c.  Is  stepped  along  by  a clock. 

d.  Two  of  the  above. 

e.  All  of  the  above. 

7.  A Bus 

a.  Is  bi-directional,  twice  weekly  and  usually 
late. 

b.  Parallel  wires  going  to  the  same  place. 

c.  Is  always  eight  conductors. 

d.  None  of  the  above. 

8.  Flags 

a.  Are  the  results  of  ALU  action. 


b.  Are  recorded  as  one  bit  of  data. 

c.  Are  used  by  branch  instructions. 

d.  Two  of  the  above. 

e.  All  of  the  above. 

9.  In  the  hexadecimal  number  system 

a.  Sixteen  binary  digits  are  needed  to 
express  one  hex  digit. 

b.  Two  hex  digits  are  required  to  express 

16io' 

c.  The  highest  four  digit  binary  number  is 
equal  to  Fig. 

d.  Two  of  the  above. 

e.  All  of  the  above. 

10.  Software  is 

a.  Made  up  of  instructions. 

b.  Stored  in  ROMs,  RAMs  or  PROMs. 

c.  More  useful  if  documented. 

d.  Two  of  the  above. 

e.  All  of  the  above. 

11.  The  ALU 

a.  Action  effects  the  condition  code  register. 

b.  Performs  logic  and  arithmetic  operations. 

c.  Is  controlled  by  the  control  register. 

d.  Two  of  the  above. 

e.  Three  of  the  above. 
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12.  Instructions  can  be  divided  into  five  groups 

a.  Control,  data  transfer,  immediate,  branch 
and  logical. 

b.  Logical,  arithmetic,  data  transfer,  control 
and  branch. 

c.  Branch,  data  transfer,  math,  pneumonic 
and  control. 

d.  Arithmetic,  compare,  control,  comple- 
ment and  branch. 

e.  None  of  the  above. 

13.  Branch  instructions 

a.  Are  conditional  or  unconditional. 

b.  May  be  called  jump  instructions. 

c.  May  be  one,  two  or  three  bytes. 

d.  Two  of  the  above. 

e.  All  of  the  above. 

14.  The  immediate  addressing  mode 

a.  Is  used  by  the  control  group  of  instruc- 
tions. 

b.  Is  used  when  in  a hurry. 

c.  Finds  the  operands  in  the  second  byte  of 
the  instruction. 

d.  Two  of  the  above. 

e.  All  of  the  above. 

15.  Return  Or  no-return  is  an  aspect  of 


a.  Control  registers. 

b.  Branch  instruction. 

c.  Program  counters. 

d.  Address  modes. 

e.  None  of  the  above. 

1 6.  The  operand 

a.  Is  data  to  be  operated  on. 

b.  Is  found  by  various  addressing  modes. 

c.  Is  sometimes  implied. 

d.  All  of  the  above. 

e.  None  of  the  above. 

17.  Data 

a.  Occupies  memory  locations. 

b.  May  have  the  same  number  value  as  some 
operator  code. 

c.  May  be  the  first  word  of  an  instruction. 

d.  Two  of  the  above. 

e.  All  of  the  above. 

18.  Assembly  language  is 

a.  Written  in  hexadecimal. 

b.  Converted  to  machine  language  by  a 
computer. 

c.  Not  a high  level  language. 

d.  Two  of  the  above. 

e.  All  of  the  above.  (Answers  on  p.  86) 
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You  don’t  have  to  be  a programmer 
or  computer  scientist  to  read  Personal 
Computing.  It’s  the  magazine  that  tells 
you  how  to  get  started  in  computing. 
How  to  have  fun.  And  how  to  use  the 
computer  for  your  own  personal  and 
business  applications. 

Each  month  Personal  Computing  is 
loaded  with  practical,  fun  articles  de- 
signed to  help  you  get  the  most  out  of 
your  computer.  We’re  the  magazine 
with  style,  color  and  practicality.  Top- 
ics covered  in  recent  issues  include: 
Getting  Into  Computer  Games,  Using 
the  Computer  to  Manage  a Drug  Store, 
Using  Computers  in  Schools,  Learning 
to  Program  in  Three  Easy  Lessons,  Ten 
Easy  Steps  to  Become  a Computer 
Hobbyist,  How  to  Set  Up  a Word  Proc- 
essing System,  The  Future  of  Robots, 
A Computer  That  Speaks  English,  In- 
telligent Video  Games,  How  to  Profit 
from  Your  Computer  Hobby,  and 
much,  much  more. 
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Touching  Down  On: 

Computer  Football 


BY  JOE  ROEHRIG 


Ever  since  graduate  school  I’ve  been  interested  in  computers  and 
gaming.  The  curriculum  at  Iona  Graduate  School  included  courses 
in  computer  programming.  Propelled  into  action  by  the  inspiring 
courses,  I dashed  out  and  bought  an  IMSAI  8080  kit.  After  over- 
coming initial  assembly  problems  (which  is  a story  in  itself)  I even- 
tually got  the  computer  working.  Armed  finally  with  a system  per- 
forming better  than  I had  hoped  for,  considering  all  the  trouble  I 
had  putting  it  together,  I eagerly  started  the  game  programs.  My 
interest  in  sports  led  me  to  develop  basketball,  horseracing. 


Illustration  by  Doug  Smith 
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boxing  and  football  games.  Football 
captured  my  primary  interest  and  that 
is  the  one  I concentrated  on. 

The  following  program  shows  how 
the  football  game  is  played.  This  pro- 
gram does  not  utilize  the  data  file  de- 
scribed; therefore,  a full  12K  is  avail- 
able. BASIC,  without  trigonometric 
functions,  takes  5277  words  and  the 
game  uses  6370  words  of  memory.  This 
leaves  another  1093  words  for  addi- 
tional refinements.  The  game  can  be 
played  by  two  players  or  one  (solitaire). 
If  the  solitaire  method  is  selected,  the 
computer  plays  against  you.  Data  dis- 
played includes  time,  position  of  ball, 
down  and  yards  to  go.  The  game  is  de- 


signed for  a video  terminal,  therefore 
the  data  printed  out  was  not  limited. 
(You  can  also  pit  the  computer  against 
itself  to  test  the  program.  A game 
played  in  this  manner  takes  about  90 
seconds  to  complete.)  The  input  for 
the  game  is: 

1.  The  computer  asks  for  a 1 if  you 
are  playing  solitaire  or  any  other 
number  for  two  players  and  two 
team  names.  (A  99  is  input  to 
play  the  computer.) 

2.  Next,  the  defense  is  asked  for: 

0 = Standard  defense. 

1 = Key  against  run. 

2 = Key  on  halfback  run. 


3 = Key  on  fullback  run. 

4 = Short  yardage  defense. 

5 = Pass  defense. 

6 = Blitz. 


Listing 

II  DIMP(11^7) fM(10fl0)rR(13»10)fQ(lf2)rB(l>3fl)fS(l)»H(7) 

13  IiIMW$(163)fW(l>17)fN$(20) 

15  W$(lf40)="ENn  RUNHB  GOES  OUTSIBEPITCH  TO  THE  HBHB  ' 

16  W$(41r80)=-UP  THE  MIDDLEFB  DRAWFB  UP  THE  MIDBLEFB  P" 

17  U$(81f 120)=-LUNGEQB  SNEAKQB  ROLLS  OUT-RUNSSCREEN  PAS- 

18  W$(121»163)=-SSH0RT  PASSLONG  PASSPUNTFIELD  GOALHBFBQBEND" 

21  DEF  FNT(Z)  = INT(65«(RNn<0)  )HNT(6)»cRNi:i<0)  ) 

31  DEF  FNU(Z)  = INT(10f  <RND(0))»(20)  ) 

35  INPUT-RANDOM  NUMBER  ? - , A\F0RRl=0T0A\R2=RNn ( 0 ) \NEXT 
41  F0RC=0T07\H(C):=C\NEXT\A9=1 

5 1 FORA  1 ==0T01 1 \F0RA2==0T07\READP  ( A1  f A2 ) \NEXT\NEXT 
53  F0RA1:=0T013\F0RA2=0T010\READR(A1,A2)\NEXT\NEXT 
55  F0RAl=0T010\F0RA2=0T010\READM(Alf A2)\NEXT\NEXT 
57  F0RAl-OTO17\READU(Of Al) fU(l»Al)\NEXT 
100  N$=^- 

103  !-99  MAKES  THE  COMPUTER  PLAY  THE  COMPUTER  OR- 

105  INPUT-1  TO  PLAY  THE  COMPUTER  OR  2 FOR  2 HUMAN  PLAYERS  ? - f C 

III  INPUT -TEAM  I'S  NAME  ? -rA$ 

113  INPUT-TEAM  2'S  NAME  ? -fB$ 

115  N$(lf 10)=A$\N$(llf20)=B$ 

121  IFRND(0)>»5THEN131 

125  Al-=0\A2s=l\E8=0\E9=0\G0T0141 
131  Al:=l\A2=:0\E8=l\E9-=:0 
141  ! -QUARTER  *-fA9 

143  A3^-FNU(Z)\T1:=1\T4=T4+30\G0SUB881 

145  G0SUB811 

147  IFT4>=900THEN5111 

151  IFA2==:lANriC=lTHEN171 

155  IFC==99THEN171 

161  INPUT-BEF  PLAY  ? -fA4\G0T0182 

171  G0SUB4111 

182  IFA2=0ANBC:=1THEN201 

191  IFC^99THEN201\INPUT-0FF  PLAY  ? ->A5 

193  IFA5014THEN211 

195  G0SUB3111 

197  G0T0191 

201  G0SUB2111 

211  IFA5<0THEN821 

221  IFA5>13THEN821 

231  IFA4<0THEN821 

241  IFA4>8THEN821 

251  IFA4::=8THEN831 

255  T1==T1  + 1\T4=T4+30\G0SUB881 

256  IFA5>11THEN261 

257  G0SUB891 

26 1 G0SUB9000\ ! W$ ( R1 f R2 ) f \ IFl >A5THEN281 

271  0NA5G0T0291f291f291r311f311f311f321f321r411f411f411f 1021r721 

281  A7=3\G0T0331 

291  A7=0\G0T0331 

311  A7=1\G0T0331 

321  A7=2 

331  IFA6O-99THEN341\Rl~(A2+l))K10 

333  !•  FUMBLE  - f N$(Rl-9f R1 ) r - RECOVERED  -\G0T0621 

341  G0SUB901 

351  IFE1=0THENG0SUB981 

361  B<Alf A7»0)=B(Al»A7f0)+l\B<Alf A7r 1)=B(A1 f A7f D+A6 
371  IFEK=15THEN381\A3=0\G0T01021 
381  IFE1>5THEN641 
391  G0T0500 


7 = Prevent. 

8 = Change  defensive  signals. 

In  the  solitaire  game,  8 is  not  needed. 
However,  with  two  players  and  the  de- 


Football 

flowchart 


(listing  continued) 

411  IFA6=-99THEN431 

421  IFA6>«0THEN431\A7=2\! • QB  FORCED  TO  RUN-NO  PASS  'f\G0T0341 

431  Q(Alf0)=a(Al»0)  + l\IFA6O-99THEN461 

451  !"  INTERCEPTED  -\G0T0621 

461  IFA6>0THEN481 

471  T4=T4-15\G0T0500 

481  G0SUB901 

491  Q<Al»l)=Q<Al>l)+l\Q(Alf2)=Q(Alf2)+A6 

493  IFE1>5THEN641 

500  A3=A3+A6\IFA8>A3THEN531 

505  !•  PLAY  GOOD  FOR  " r A6\G0SUB81 1 

510  T1=1\E3=10\G0T0147 

531  E3=A8-A3 

533  !■  PLAY  GOES  F0R'rA6»'  "rTlr"  AND"»E3 
541  IF5>T1THEN147 

621  A4-=A1\A1=A2\A2=A4\A3=100-A3\T1  = 1\GOSUB811 
631  G0T0147 

641  T1-=1\A4=A1\A1=A2\A2=A4\G0T0143 

721  A4=INT(RND(0)5»c60)\A3=A3+A4 

722  IFA3>100THEN741 

731  !“  MISSED  " \A3:=80\G0T0621 

741  !■  GOOD  •\S(A1)-=S(A1)+3\G0SUB961 

751  G0T0641 

811  ! -•\Rl  = <(Al  + l)*10)\!N$(Rl-9fRl)r  • HAVE  THE  BALL  ON  THE"tA3>p 

812  !•  FIRST  DOWN- 

813  !TAB(5)r-TIME  GONE " r T2 r T3 f * PEROID " r A9\ ! * " 

815  A8=A3+10\RETURN 

821  !• INPUT  ERR0R-\G0T0151 
831  F0RA5=0T07\G0T0841 

840  l-BAD  SIGNALr  RE-INPUT  -f 

841  ! -DEF  SIG- f A5MNPUT-  ? -fH<A5) 

851  IFH(A5X0THEN840 

861  IFH(A5)>7THEN840 
871  NEXT\G0T0161 

881  T2= INT ( T4/60 ) \T3=T4- < 60tT2 ) \RETURN 

891  A4=H ( A4 ) \A4=P ( A5  f A4 ) \ A6=FNT ( Z ) \ A6=R  < A4  r A6 ) \RETURN 

901  E1=A3+A6\IFEK100THEN905\A6=100-A3\!  • TOUCHDOWN • \G0T091 1 

905  E1=0\RETURN 

911  S ( A 1 ) =S ( A 1 ) +6\ IF ♦ 9<RND ( 0 ) THEN93 1 

921  S(A1)=S<A1)+1\! • POINT  AFTER  GOOD " \G0T0941 

931  !■  POINT  AFTER  BLOCKED" 

941  G0SUB961 
951  E1=9\RETURN 

961  !-SC0RE:  ■ fN$(lr 10) rS(0) r ' ' r N$ ( 1 1 f 20 ) f S ( 1 ) 

971  !•**)»(** '\RETURN 

981  E1=A3+A6\IF0<E1THEN991\A6=0-A3\! - TOUCHBACK " \G0T01001 
991  E1=0\RETURN 

1001  S ( A2 ) =S ( A2 ) +2\E1=19\G0SUB961 
1011  RETURN 

1021  El=30+INT<RND(0))|c40)+A3\IFA3>100THENA3=80 
1031  G0T0621 

2111  E4=FNT<Z)\IFTlOlTHEN2113\E3=8\G0T02171 

2113  E3=A8-A3 

2121  IFT104THEN2161 

2131  IF3<=E3THEN2141\E3=10\G0T02171 

2141  IF60<=A3THEN2151\A5=12\RETURN 

2151  A5=13\RETURN 

2161  E3=9 

2171  A5=M<E3fE4)\RETURN 

3111  ! • -\F0RN=0T01\R1*(  (N+l)*10)\  !N$(Rl-9rRl)  rS(N)\  ! •XllllttHl 
3113  ! -PLAYER  RUSHES  YARDS  AVERAGE- 
3121  F0RN1=0T03\ IFB ( N r N1 f 0 ) =0THEN3127 

3124  E4=Nl+14\E3=B(NfNlrl)/B(NfNlr0> 

3125  Rl=W(0rE4)\R2=W(lfE4)\!W$(RlfR2)fTAB(7)r 

3126  !%5IfB(NfNlfO) r %6I rB(NrNl f 1 ) rX8F3vE3 

3127  NEXTNIN!-- 

3132  ‘-PASSES  COMPLETIONS  YARDS  ZCOMPLETED  AVE*GAIN- 

3133  IFQ(Nf0)«0THEN3155 

3141  E3=Q(Nf l)/Q(Nf0)\E4=Q(Nf2)/Q(Nf0) 

3151  !%6IrQ(Nf0>f%12IrQ(Nrl>yZ6IrQ(Nf2)fZllF3rE3fZ9F3fE4 
3155  ! - -\NEXTN\RETURN 
4111  IFTlOlTHEN4121\E3=0\G0T04321 
4121  IFTlO4THEN4131\E3=7\G0T04321 

4131  E3=0\IFT1=3THENE3=3 

4132  E4=A8-A3\IFE4<=9THEN4134\E5=1\G0T04311 
4134  IFE4<=5THEN4136\E5=2\G0T04311 

4136  E5=3 
4311  E3=E3+E5 

432 1 A4=FNT ( Z ) \A4=M ( E3  r A4 ) \RETURN 

5111  T4=0\IFA9O2THEN5125\A9=3\Al=E9\E2=E8\G0T0141 
5125  IFA9=4THEN5141 

5131  A9=A9+1\! -QUARTER  #- r A9\G0T0147 
5141  G0SUB961 
5151  G0SUB3111 
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(listing  continued) 

5711  DATA0flr2f2f0r2^6f3 

5712  DATA2rlf5f3r4r3f3f3 

5713  DATA2flf^r3r4r3,4r3 

5714  DATA2f lf6rlf6f2^4F3 

5715  DATA5f2f3>lr2r3r0r4 

5716  DATA2f Irl»6f6f2r4f3 

5717  DATA2f2f3f5f6f2f3f4 

5718  DATAlr5f5f5f6f2r3r4 

5719  DATA2>lf2f2f3rlr2f4 

5720  DATA7f7f8f8f7^8r7f7 

5721  DATA8f9f9f9>9»10fllf7 

5722  DATAlOf 13rl3>13rl3f 12rllf7 

5730  DATA99f 13> 11 >9r7r5r3rl f-lr -3^-10 

5731  DATA-99f-99f6>5»4f3»2f lf0f~2f~3 

5732  DATA-8r-4f0f2r3f4r5f6f8rl2f 16 

5733  DATA-4f-3f~2f3r4f5f6f7>9f Ilf  17 

5734  DATA-6f-4f~2f0f4f6f8f lOf 14f 18f25 

5735  DATA~4f-3f-2f0f If2f2f3f4f5f6 

5736  DATA5f4f3f2f lf0f-lf-2f-3f--4f-5 

5737  DATA52f0f0f9f6f5f4f0f3f2f 1 

5738  DATA~5f~99r0f9f6f5f4f0f2f~5f~5 

5739  DATA-5f8fl8f0f0f 12f llf0f0f32f-5 

5740  DATA-10f~5f ISfOfOf 12f0f~99f~8f32f51 

5741  DATA-15f~10f~5f50f-99f0f0f 18f~5f~10f-5 

5742  DATA100f50f-15f~99f0f0f0f28f 18f-5f-10 

5743  DATA-10f50f~99f0f0f0f28f 18fl00f-5f-10 

5750  DATA0f0f5f If If6f5f If5f0f0 

5751  DATA6f 6f 5f 5f 1 f 6f 1 f 5f 5f 6f 6 

5752  DATA2f3f3f2f If6flf3f2f5f5 

5753  DATA5f6f If If0f6f0flf If5f6 

5754  DATA6f6f7f7f7f6f7f7f7f6f6 

5755  DATA2f3f3f2f lf6f If3f2f5f6 

5756  DATA5f6f If If0f6f0f If If5f5 

5757  DATA6f2f3f If4f6f4f If2f3f6 

5758  DATA0f9f  10flf4f  Hf2f9f  lOflfO 

5759  tiATAOf  lf9f  lOf  Hf4f2flf9f  lOfO 

5760  DATA Ilfllf8f3f5f6f3f5f8fllfll 

5771  DATAl f7f8f22f23f37f38f53f54f60f61f76f77f85f86f93 

5772  DATA94f IlOf lllf 121f 122f 131f 132f 140f 141f 144f 145f 154f 155f 156 

5773  DATA157f 158f 159f 160f 161f 163 
9000  R1 =W ( 0 f A5 ) \R2=W (1 f A5 ) \RETURN 


Run 

RANDOM  NUMBER  ? 22 

99  MAKES  THE  COMPUTER  PLAY  THE  COMPUTER  OR 

1 TP  PLAY  THE  COMPUTER  OR  2 FOR  2 HUMAN  PLAYERS  ? 1 

TEAM  I'S  NAME  ? NY  JETS 

TEAM  2'S  NAME  ? LA  RAMS 

QUARTER  ♦ 1 

LA  RAMS  HAVE  THE  BALL  ON  THE  26  FIRST  DOWN 
TIME  GONE  0 30  PEROID  1 


DEF 

PLAY  ? 

8 

DEF 

SIG 

0 

? 

7 

DEF 

SIG 

1 

? 

6 

DEF 

SIG 

2 

? 

5 

DEF 

SIG 

3 

? 

4 

DEF 

SIG 

4 

? 

33 

DEF 

SIG 

4 

? 

2 

DEF 

SIG 

5 

? 

1 

DEF 

SIG 

6 

? 

0 

DEF 

SIG 

7 

? 

3 

DEF 

PLAY  ? 

3 

LONG  PASS  PLAY  GOOD  FOR  -lO  2 AND  20 
DEF  PLAY  ? 4 

FB  DRAW  PLAY  GOOD  FOR  5 3 AND  15 

DEF  PLAY  ? 4 

FB  DRAW  PLAY  GOOD  FOR  4 4 AND  11 

DEF  PLAY  ? 7 

PUNT 

NY  JETS  HAVE  THE  BALL  ON  THE  75  FIRST  DOWN 
TIME  GONE  2 30  PEROID  1 

OFF  PLAY  ? 


fense  being  asked  for  first,  8 is  used  to 
disguise  the  defense.  Each  time  a play- 
er goes  on  defense,  the  offensive  play- 
er should  not  look  and  the  defensive 
player  can  put  in  the  number  8.  The 
computer  will  then  solicit  numbers  for 
defenses  0 to  7.  Therefore,  all  defenses 
can  be  disguised  (zero  can  be  two,  for 
example.) 

3.  Next,  the  offensive  play  is  selected: 

0 = End  run. 

1 = Halfback  on  an  outside  run. 

2 = Halfback  on  a pitch  out. 

3 = Halfback  up  the  middle. 

4 = Fullback  draw. 

5 = Fullback  up  the  middle. 

6 = Fullback  short  yardage  situ- 

ation. 

7 = QB  sneak. 

8 = QB  roll  and  run. 

9 = Screen  pass. 

10  = Short  pass. 

1 1 = Long  pass. 

12  = Punt. 

13  = Field  Goal. 

14  = Gives  offensive  statistic  and 

then  asks  for  another  play  se- 
lection. 

NOTE:  None  of  the  above  instructions  are 
written  out  by  the  computer  in  order  to  save 
memory  space. 


For  fast  edits  to  the  program: 


UNES 

PURPOSE 

11-161 

Set-up  of  data,  kickoff 
function  and  random 
numbers  function. 

171-257 

Play  selections  and  vali- 
dation of  play  selected. 

261-641 

Actual  play  calculation. 

721-751 

Field  goal. 

811-815 

Prints  information. 

821 

Error  message. 

831-871 

Change  defense  signals. 

881 

Calculate  time. 

891 

Play  yardage  calculation. 

901-951 

Touchdown  check  and 
extra  point  try. 

961-971 

Prints  score. 

981-1011 

Touchback  check. 

1021-1031 

Punt. 

2111-2171 

Computer  offensive 
play  selection. 

3111-3155 

Prints  statistics. 

41114321 

Computer  defensive 
play  selection. 

5111-5161 

Changes  quarter. 

5711-5722 

Table  to  compute  result 
of  defensive  and  offen- 
sive play  selection. 

5730-5743 

Table  for  yardage  gained. 

5750-5760 

Computer  play  selection. 

5771-5773 

Size  of  print  messages. 

9000 

Calculates  size  of  mes- 
sage to  be  printed.  |M 
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You  got  a taste  in  last  month's  PERSONAL  COMPUTING 
. . . Now  treat  yourself  to  the  whole  book! 


(A  Simple  Programming  Language) 

DONALD  ALCOCK 

The  hand-lettered  text,  cartoons,  sketches  and  di- 
agrams make  ILLUSTRATING  BASIC  accessible 
to  all  computer  enthusiasts— students,  hobbyists, 
and  professionals  who  want  to  write  their  own 
simple  programs  or  are  seeking  a broader  view 
of  ‘portable’  programming  and  a simple  intro- 
duction to  programming  techniques. 

Hardcover  $10.95  Spiral-bound  Paperback  $3.95 

Orders  must  be  prepaid  or  charged  on  VISA/Bank- 
Americard  or  Master  Charge.  Cambridge  pays  postage 
and  handling.  N.Y.  and  Cal.  residents  must  add  sales 
tax.  Payment  in  U.S.  dollars  or  Canadian  equivalent. 


Address  — 

Nam© 

City 

State/ Prov- 


-Zip- 


. Payment  enc VISA/BAcard Master  Charge* 

_ Exp  Date  * 4-digit  # above  name 


Card  #. 


Cambridse  University  Press 

32  East  57th  Street,  New  York,  N.Y.  10022 
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We  speak  your 
language 

And  we’re  giving  you  what  you  want. 

• a comprehensive  product  line.  Hardware,  assembled  or 
kits,  and  software  from  major  manufacturers.  Plus  books  and 
current  literature.  Financing  available. 

• a trained,  enthusiastic  staff.  We’ll  help  you  choose  or 
design  the  system  that’s  right  for  you.  No  high  pressure  here. 

• service  when  you  need  it.  We  won’t  sell  you  something 
we  can’t  keep  running.^^^^ 

• a brand  new  facility 
in  Pennsylvania. 

We’ll  be  able  to 
serve  our  South  Jersey- 
Pennsylvania  customers 
more  efficiently  now. 

• a bigger,  better  New 
Jersey  store.  We’ve 
enlarged  our  showroom 
in  Iselin.  Now  there  are 
more  displays  you  can 
try  out.  There’s  more 
room  to  stock  the 
products  you  need. 


The  Microcomputer  People."^ 

Computer  Mart  of  New  Jersey 
Computer  Mart  of  Pennsylvania 


New  Jersey  Store 

501  Route  27 
Iselin.  NJ  08830 
201-283-0600 
Tue.-Sat  10:00-6:00 
Tue.  & Thur.  til  9:00 


Pennsylvania  Store 

550  DeKalb  Pike 

King  of  Prussia,  PA  19406 

215-265-2580 

Tue.-Thur.  11:00-9:00 

Fri.  & Sat  10:00-6:00 


(our  only  locations) 
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BUSINESSMEN  - LAWYERS 
DOCTORS  - ACCOUNTANTS 
WE  HAVE  THE  SYSTEMS 
YOU  WANT  & NEED,  YOUR  1 
SHOP  FOR  EVERYTHING 

FULL  ACCOUNTING  PACKAGE 
INVENTORY  MANAGEMENT 
WORD  PROCESSING 
DENTAL  OFFICE  MANAGEMENT 
LAW  OFFICE  PACKAGE 


BUSINESS 

SYSTEMS 


Altair 

the  Computer  Store 


BmAMERI^ 


OF  NEW  YORK 


55  WEST  39  th  STREET,  NEW  YORK,  NEW  YORK  10018 
(212)  221-  1404 

M-T  10:30  - 6 PM  SAT.  10:30  - 5 PM 
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■MA8700 


Answer  For... 
Student 
Hobt^ist 
Manufacturer 

8700 Processor:  6503  MPU.  wear  free  “Active Kcyboaixf*’, 

Micro-Diagnostic®  Extensive  documentation.  Fully  Socketed. 

Piebug  Monitor:  Relative  address  calculator.  Pointer  High-low. 
User  Subroutines.  Back-step  key. 

Cassette  Interface:  Load  & Dump  by  file  Tape  motion 

control,  Positive  indication  of  operation. 

Applications  systems  from  $90  (lOunit  quantity) 

Development  systems  from  $149  (single  unit) 

TELL  ME  MORE  i 


want  to  see  for  myself  that  the  8700  Is  The  Answer. 


( ) Please  send  documentation 
and  price  lists.  $10  enclosed. 

( ) I don' t need  documentation 
please  send  price  lists. 

( ) Please  send  FREE  CATALOG. 


city:  . 


_ zip: _ 


ELECTRONICS  DEPT.2  T • 1020  W.  Wilsilire  Btvd.  • Oklahima City.  OK  73116  (405)  843-9626 
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Scaling  the  Cliffs  to  Computer  Mastery:  Quiz  Answers 


From  pp.  76 y 78  & 79, 

1 . c.  A computer  handles  only  one 
word  at  a time,  though  a word 
may  contain  more  than  one  byte, 
depending  on  the  particular  CPU. 
A computer  has  memory  in  addi- 
tion to  a CPU  and  I/Os. 

2. e. 


3.  b.  The  CPU  can  only  write  into 
RAMs.  Under  special  conditions 
the  CPU  can  write  into  PROMs. 
ROMs  cannot  be  written  into  by 
a CPU,  they  are  manufactured 
with  their  content  fixed.  RAMs 
forget  when  power  is  removed 
but  ROMs  and  PROMs  retain 


their  contents  when  power  is 
turned  off. 

4.  d.  Memory  is  instructed  to  write 
by  the  CPU  via  the  control  bus. 

5.  e.  Input  ports  are  used  to  enter 
programs,  but  they’re  also  used 
to  input  data  from  other  devices 
you  may  connect  to  your  com- 
puter. 

6.  e. 

7.  b.  A bus  may  be  any  number  of 
conductors.  The  data  bus  in  an 
eight  bit  word  CPU  has  eight  con- 
ductors. The  address  bus  in  a 


64K  memory  computer  has  16 
conductors.  The  number  of  con- 
ductors in  the  control  bus  varies 
with  each  CPU. 

8.  e.  B may  have  caused  you  troub- 
le. Each  flag  represents  only  one 
bit  in  the  Condition  Code  Regis- 
ter. 

9.  d,  b and  c are  correct.  Sixteen  bi- 
nary digits  will  express  two  hex 
digits. 

10.  e. 

1 1 . d,  a and  b are  correct.  The  in- 
struction register  controls  the 
ALU. 

12.  b. 

13.  e. 

14.  d,  a and  c are  the  ones. 

15.  b. 

16.  d. 

17.  d,  a and  b are  correct.  The  first 
word  of  an  instruction  is  not 
data,  it  is  an  opcode. 

18.  d,  b and  c are  correct.  Assembly 
language  is  written  in  mnemon- 
ics. Machine  language  uses  ei- 
ther binary,  octal  or  hex. 


VIDEO 
TERMINAL 


Now,  a completely  self-contamed  video  terminal  card  for  less  than  $150.00. 
Requires  only  an  ASCII  Keyboard  and  TV  set  to  become  a complete  interactive 
terminal  for  connection  to  your  computers  serial  10  port.  Two  units  available, 
common  features  are:  single  5V  supply,  crystal  controlled  sync  and  baud  rates 
(to  9600  baud),  computer  and  keyboard  operated  cursor  control,  parity  error 
and  control,  power  on  initialization,  forward  spaces,  line  feed,  rev.  line  feeds, 
home,  return  cursor,  and  clear  to  end  of  line.  Power  requirements  are  5V  at 
900ma,  output  std.  IV  p-p  video  and  serial  TTL  level  data. 


Features: 

Display 

Characters 

Baud  Rates 
Controls 

Price  (kit) 


TH3216 

32  characters 
by  16  lines 
2 pages 

Upper  case  ASCII 

300-9600 

Read  to/from 
memory 

$149.95 


TH6416 

64  characters 
by  16  lines 
scrolling 

Upper/lower  case 
optional 

110-9600 

Scroll  up  or 
down 


$189.95 


Above  prices  include  all  1C  sockets 


OPTIONS: 

Power  supply  (mounts  on  board) $14.95 

Video/RF  Modulator,  VD-1 6.95 

Lower  case  option  (TH6416  only) 10.00 

Assembled,  tested  units,  add 60.00 


"TH  6416  shown  above" 


Frequency  Counter 
$79.®®  KIT 


You've  requested  it,  and  now  it's  here!  The  CT-50  Fre- 
quency  Counter  Kit  has  more  leatures  than  counters  selling 
lor  twice  the  price  Measuring  Irequency  is  now  as  easy  as 
pushing  a tJuttor,  the  CT-50  will  automatically  place  the 
decimal  point  in  all  modes,  giving  you  quick,  rebable  read- 
ings. Want  to  use  the  CT-50  mobile^  1^  problem,  it  runs 
equally  as  well  on  12  VOC  as  it  does  on  110  VAC.  Want 
super  accuracy'’  The  CT-50  uses  the  popular  TV  color  burst 
Iraq,  of  3.S79S4S  MHz  lor  time  base.  Tap  off  a color  TV  with 
our  adapter  and  get  ultra  accuracy  — 001  ppm!  The  CT-SO 
offers  professional  qualify  at  the  unheard  ol  price  of  $79  95 
Order  yours  today! 


PRICES 


SPECIFICATIONS 

Sensitivily:  less  than  25MV 
Frequency  range  SHz  to  60MHz,  typically  65MHz 
Gale  time:  1 second.  1/10  second,  with  automatic  decimal 
point  positioning  on  both  direct  and  prescale 
Display:  B digit  red  LEO  .4"  height 
Accuracy:  2 ppm.  .001  ppm  with  TV  time  base! 

Input:  BNC.  1 meg  ohm  direct.  50 ohm  with  prescale  option 

Power  1 10  VAC  5 watts  or  12  VOC  a-f  Amp 

Size-  Approx.  6"  x 4"  x 2".  high  quality  aluminum  case 


CT-50,  60MHz  Counter  Kit $79.95 

CT-50WT,  60  MHz  counter,  wired  and  tested $159.95 

CT-600,  600  MHz  prescaler  option  for  CT-50,  add  . . $29.95 


VIDEO  TO  RF 
MODULATOR 


Convert  any  TV  set  to  a 
video  monitor.  Super  stable 
circuit  is  glitch-free,  tunable 
over  channels  4-6.  Runs  on 
5-1 5V.  Recommended  by 
many  computer  manufactur- 
ers. Std.  video  input.  Com- 
plete kit,  VD-1 S6.95 


741  OP-AMP 
MINI  DIP  10/$2.00 


LINEAR 

REGS 

TRANSISTORS 

555  .50 

309K 

.99 

NPN  2N3904  type 

10/11.00 

556  .75 

340K-12  .99 

PNP  2N3906type 

K.IDKI  DaKVAjAa*  TaK  .JHIA/ 

10/$1.00 

566  1.49 

567  1.49 

rouo 

7812 

.99 

NrN  TOW0f  1 aD  4UW 

PNP  Power  Tab  40W 

3/S1 .00 
3/$1.00 

324  1.49 

7815 

.99 

FET  MPF-102  type 

3/52.00 

1458  .49 

78MG 

1.50 

UJT  2N2646  type 

3/S2.00 

380  1.49 

723 

.49 

2N3055  NPN  Power 

75 

1 8 pin 

1C  SOCKETS 

RS232/TTL 

low  profile 

5/S1.00 

TTL/RS232 

14  pin  low  profile 

5/S1.00 

Converter  kit 

16  pin  low  profile 

5/SI. 00 

1 Complete  kit  $7.95 

40  pin  low  profile 

2/S1 .00 



1 

14  pin  wire  wrap 

3/SI  .00 

ransa^  slasirnfiiBS 

BOX  4072P  ROCHESTER,  NY  14610  (716)  271-6487 


1 Satisfaction  guaran- 
teed or  money  refund- 
ed. Orders  under  $10 
add  7Sc.  COD  add 
it. 00.  NY  add  7% 


MINI-KITS 


FIVl  WIRELESS  MIKE  KIT 
Transmit  up  to  300'  to  any  FM 
radio.  Sensitive  mike  input  re- 
quires dynamic,  crystal  or  ceram- 
ic mike.  Runs  on  3 to  9 volts. 
FM-1 . $2.95 


TONE  DECODER  KIT 

A complete  toot  decoder  on  a single  PC 
Board  Features:  400  to  SOOO  Hz  adjustable 
frequency  range,  voltage  regulation  S67 1C. 
Useful  tor  louch.'one  decodir>g,  tone  biwet 
detection,  FSK  demod.  signaling,  and  mwiy 
other  utea  Uaa  7 tor  12  button  touchione  da- 
ooding.  Puna  on  5 to  12  voHa. 

Complata  KK.  TD-1 $4.96 


LED 

BLINKY  KIT 

A great  attention  ga(- 


Er 


SUPER  SNOOP  AMPLIFIER 

A euper-aenaltive  amplifier  which  will  ptck 
up  a pm  drop  at  is  teen  Ureai  tor  monitoring 
baby  a room  or  as  a gensral  purpose  test 
amplifier.  Full  2 watts  of  output,  runs  on  6 to 
12  volts,  uses  any  type  of  miks.  nsquireaB-4S 
ohm  speaker. 

Complata  Kit  BN -9 $4.96 


MUSIC  LIGHTS  KIT 

Sea  mueic  come  alive!  3 diflarent  lights 
meker  with  music  or  voice  One  light  tor 
lows,  orte  tor  the  mid-range  and  one  lor  the 
highs  Each  channel  individually  adjustable, 
and  drtvaa  up  to  300  watts.  Great  lor  partisa. 
band  music,  nils  clubs  and  more. 
Complete  Kit  ML-1 $7.96 


SIREN  KIT 

Produces  upward  and  downward  wail  char- 
actsrialic  of  police  siren.  200mw  audio  out- 
put. runs  on  3-9  voRa.  uses  S-4S  ohm 


Kit.  SM-3 $2.96 


PDWER  SUPPLY  KIT 

Complete  triple  regulated  power  supply  pro- 
vides variable  ±15  volts  at  200ma  and  -t-S 
volla  at  t amp.  SOmv  load  regulation,  good 
liliaring  and  small  size.  Kit  lass  transformers. 
Paqoires  MV  at  1 amp  and  18  to  30VCT. 
Complata  Kit  PS-3LT $6.9B 
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Computers  in  Developing  Nations:  A Cautionary  Tale 


A mistake  easily  made  is  to  look 
at  the  introduction  of  computing  in 
developing  nations  from  the  perspec- 
tive gained  by  the  experience  of 
introducing  computers  in  well  devel- 
oped industrial  countries.  Such  mis- 
takes are  easily  made  because  meet- 
ings of  “experts”  from  developed  and 
undeveloped  countries  often  turn  out 
to  be  meetings  of  alumni  from  the 
same  group  of  universities. 

In  order  to  learn  the  nitty  gritty 
of  computing  in  developing  countries, 
computer  experts  ought  to  see  first- 
hand what  problems  exist  right  down 
to  the  level  of  coders  and  end-users. 
The  journey  is  rewarding  for  those 
computer  scientists  who  have  an  an- 
thropological bent.  It  will  make  no 
sense  to  anyone  else.  (The  major  ob- 
stacles to  rational  use  of  technology 
are  more  often  social  then  mechani- 
cal.) While  my  tale  can  hardly  be 
compared  to  a professional  study  of 
other  cultures  from  which  we  gain 
understanding  of  our  own,  there  is 
more  to  the  tale  than  meets  the  eye. 

The  story  begins  in  1972  when, 
in  response  to  an  invitation  by  the 
then  Minister  of  Health  and  Welfare 
of  the  Shiekdom  of  Kuwait,  I cast  an 
advising  eye  upon  some  of  Kuwait’s 
newly  installed  computing  ventures. 
It  did  not  take  very  long  to  spot  the 
major  obstacles  to  a satisfactory  flow 
of  work  which  quite  obviously  was 
not  materializing.  Kuwait  had  gone 
the  360  way.  The  best  and  most  mod- 
ern of  IBM  products  were  purchased. 
Among  the  benefits  was  pl/i.  Now 
pl/i  resembles  more  colloquial  Eng- 
lish than  any  other  computer  lan- 
guage, and  deviation  from  the  com- 
piler’s proper  grammar  results  in 
streams  of  messages  returning  diag- 
nostics to  the  programmer.  This  is  a 
felicitous  situation  for  programmers 
who  use  English  with  ease,  but  not 
exactly  the  best  circumstances  for 
sons  of  nomads,  bedouins,  and  fella- 
hin  whose  knowledge  of  English  is 


neither  deep  nor  fluent.  To  the  per- 
son who  does  not  speak  English  well, 
the  writing  and  debugging  of  pro- 
grams in  pl/i  may  be  formidable. 
The  task  was  not  made  easier  by 
the  quasi-nationalized  management 
problems  for  which  the  computers 
are  needed  in  Kuwait,  such  as  to  pre- 
pare utility-service  bills  for  all  inhab- 
itants or  to  manage  pharmaceutical 
inventories  for  an  integrated  set  of 
clinics  and  hospitals  comprising  a 
comprehensive  national  health  serv- 
ice (a  health  service  that,  incidentally, 
would  be  the  envy  of  any  Western 
country).  These  jobs  require  han- 
dling of  large  files  with  complex  data 
structures  and  demand  a fairly  high 
level  of  competence  in  pl/i.  Whether 
or  not  this  competence  existed  among 
the  programmers  was  not  quite  clear. 
Certainly  competence  in  English 
comprehension  was  lacking. 

The  language  problem  obviously 
was  not  limited  to  Kuwait.  I made 
a cursory  check  with  IBM's  Middle 
East  headquarters  in  Beirut  (before 
the  tragic  political  events  overtook 
that  city,  Beirut  was  the  major  center 


for  what  was  called  the  “English- 
speaking  Arab  world”,  by  which  I 
took  to  mean  the  Arab  world  that 
spoke  English  but  not  exactly  flu- 
ently). This  revealed  that  ibm  domi- 
nated the  Arab  market  and  that  for 
all  practical  purposes,  pl/i  was  the 
standard  programming  language  from 
Gibraltar  to  Istanbul.  I had  a suspi- 
cion (well  verified  shortly  thereafter) 
that  similar  programming  problems 
hounded  most  installations  from  the 
legendary  pillars  of  Hercules  to  the 
fabled  Bosphorus. 

But  the  first  part  of  the  problem, 
that  of  language  comprehension,  ob- 
viously was  amenable  to  a solution. 
There  appeared  to  be  few  reasons 
why  the  diagnostic  messages  could 
not  be  translated  into  Arabic  and 
produced  on  the  Arabic  print  chains 
(which  were  available  in  all  installa- 
tions). As  for  language  statements, 
a preprocessor  or  interpreter  could 
enable  the  pl/i  compiler  to  deal  with 
a program  in  which  all  statements 
were  acceptable  in  Arabic  or  in  Eng- 
lish. Certainly  given  the  limitless 
wealth  of  oil,  there  was  no  reason 
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HOBBYISTS!  ENGINEERS!  TECHNICIANS!  STUDENTS! 


Write  and  run  machine  language  programs  at  home,  display  video  graphics 
on  your  TV  set  and  design  microprocessor  circuits  — the  very  first  night 
— even  if  you’ve  never  used  a computer  before! 

RCA  COSMAC  microprocessor/mini- 

computer 


SPECIFICATIONS 


ELF  II  features  an  RCA  COSMAC 
COS/MOS  8-bit  microprocessor  ad- 
dressable to  64k  bytes  with  DMA,  in- 
terrupt, 16  registers,  ALU,  256  byte 
RAM,  full  hex  keyboard,  two  digit  hex 
output  display,  S slot  plug-in  expansion 
bus,  stable  crystal  clock  for  timing  pur- 
poses and  a double-sided  plated-through 
PC  board  plus  RCA  1861  video  1C  to 
display  any  segment  of  memory  on  a 
video  monitor  or  TV  screen. 

Use  ELF  II  to  ...  PLAY  GAMES  using 
yourTV  for  a video  display  ...CREATE  < 
GRAPHICS  pictures,  alphanumer-  | 
ics,  animated  effects  ...  learn  how  to 
DESIGN  CIRCUITS  using  a 
microprocessor  ...  the  possibilities 
are  infinite! 


A THOUGHTFUL  GIFT 
FOR  ANYONE  WHO  MUST 
STAY  UP  TO  DATE  IN 
COMPUTERS  AND 
ELECTRONICS! 


ELF 


II 


$gg95 


ELF  II  explodes  into  a giant  when  you 

; GI  

his  pov 

eludes  cassette  I/O,  RS  232-C/TTY,  8- 


plug  the  GIANT  BOARD""  into  ELF’s 
expansion  bus.  This  powerful  board  in- 


system  monitor/ 
editor.. .meaning  your  ELF  II  is  now  the 


bit  P I/O  and 
meani 

heart  of  a full-size  system  with  unlimited 


computing  power!  $39.95  kit.  $2  p&h. 

• 4k  Static  RAM  addressable  to  any  4k 
page  to  64k.  $89.95  kit.  $3  p&h. 

• Prototype  (Kluge)  Board  accepts  up  to 
32  l.C.’s  of  various  sizes.  $17.()0  kit.  $1 
p&h. 

• Expansion  Power  Supply.  $34.95  kit. 
$2  p&h. 

• Gold  plated  86-pin  connector.  $5.70 
postpaid. 

Coming  Soon! 

Tiny  Basic 

ASCII  KEYBOARD  • CONTROLLER 
BOARD  ♦ D-A,  A-D  CONVERTER  • 
CABINET 


SEND  TODAY  h 

NETRONICS  R&D  LTD.,  Dept.  PC  3 

333  Litchfield  Road,  New  Milford,  CT  06776  Phone  (203)  354-9375 


Yes!  I want  to  run  programs  at 
home  and  have  enclosed : 
□ $99.95  plus  $3  p&h  for  RCA 
COSMAC  ELF  II  kit.  Featured 
in  POPULAR  ELECTRONICS. 
Includes  all  components  plus 
everything  you  need  to  write 
and  run  machine  language  pro- 
grams plus  the  new  Pixie  chip 
that  lets  you  display  video 
graphics  on  your  TV  screen.  De- 
signed to  give  engineers  practice 
in  computer  programming  and 
microprocessor  circuit  design, 
ELF  II  is  also  perfect  for  college 
and  college-bound  students  (who 
must  understand  computers  for 
any  engineering,  scientific  or 
business  career).  Easy  instruc- 
tions get  you  started  right  away, 
even  if  you’ve  never  used  a com- 
puter before! 

As  your  need  for  computing 
power  grows,  five  card  expan- 
sion bus  (less  connectors)  allows 
memory  expansion,  program  de- 
bugger/monitor, cassette  I/O,  A 
to  D and  D to  A converters. 
PROM,  ASCII  keyboard  inputs, 


controllers,  etc.  (soon  to  be 
available  as  kits).  Manual  in- 
cludes instructions  for  assembly, 
testing,  programming,  video 
graphics  and  games  plus  how 
you  can  get  ELF  II  User’s  Club 
bulletins.  Kit  can  be  assembled 
in  a single  evening  and  you’ll 
still  have  time  to  run  programs, 
including  games,  video  graphics, 
controllers,  etc.,  before  going  to 
bed!  □ $4.95  for  1.5  amp  6.3 
VAC  power  supply,  required  for 
ELF  II  kit.  □ $5.00  for  RCA 
1802  User’s  Manual. 

□ I want  mine  wired  and  tested 
with  the  power  transformer  and 
RCA  1802  User*s  Manual  for 
$149.95  plus  $3  p&h. 

Conn.  res.  add  sales  tax. 

NAME— 

ADDRESS 

CITY 

STATE- 


-ZIP- 


□ Send  info  on  other  kits! 
Keyooara  inputs.  Dealer  Inquiries  Invited^ 

CIRCLE  27 


CIRCLE  28 


we  offer  1 0 % off 
^ all  assembled  and 

tested  equipment  from 
the  following  manufacturers: 


IMSAI  • Seals  • Spacebyte  • National  Multiplex 


30%  off  all  Sceibi  original  books 


FREE  — Fortran  with  purchase  of  IMSAI 
VDP  80/1000 

PRIME  chips  - 21f02-2  (250ns  memories) 
$1 .35  — 2708  Eproms  $1 4.95 


ASK  about  Micropolus  630k  floppy  system 
Pennywhistle  modem 


Caldwell 

Computer 

Co. 


546  West  OIney  Avenue  • Philadelphia,  PA  19120 
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why  the  Arab  world  could  not  be  sup- 
plied with  an  Arabic  version  of  pl/i. 

It  was  even  fortunate  that  an  Arab 
Student  was  among  my  graduates  at 
that  time,  completing  his  thesis  on  a 
software  problem  for  which  pl/i  was 
the  major  language.  My  report  to  the 
sponsor  and  a recommendation  to 
IBM  International  was  to  furnish  the 
sensible  and  needed  extension  of  soft- 
ware by  providing  a translation  for 
all  diagnostic  messages  into  Arabic 
and  adding  a preprocessor  to  the 
PL/I  compiler  that  would  accept 
source  statements  in  Arabic.  What 
could  be  easier? 

What  followed  was  far  from  sim- 
ple. It  was  a curious  sequence  of 
events  which  showed  the  complexity 
of  the  human  psyche  to  its  best  ad- 
vantage. Immediate  and  bitter  protest 
to  the  proposal  came  from  a source 
which  I least  expected  would  object 

Computer  experts 
ou^ht  to  see  firsthand 
the  problems  of 
coders  and  end-users. 

—the  programmers  themselves.  Tech- 
nically competent  individuals  are  a 
scarce  resource  in  developing  coun- 
tries, and  those  who  in  addition  must 
speak  English  to  perform  a job  make 
up  a very  small  subset.  Thus  the  pro- 
grammer’s ability  to  speak  English 
was  an  important  factor  assuring  job 
security  and  a high  level  of  pay.  Fa- 
cility management  was  no  less  op- 
posed to  the  proposal  although  less 
outspoken  against  it.  Again,  while 
the  advantages  of  an  Arabic  compiler 
could  not  be  denied,  there  were 
greater  advantages  requiring  manage- 
ment to  be  conversant  in  English. 
Politically  the  usefulness  of  the  lan- 
guage restriction  was  quite  apparent 
as  all  top  level  management  positions 
had  to  be  held  by  bedouins,  natives 
of  Kuwait,  few  of  whom  spoke  Eng- 
lish. The  effective  management  of  fa- 
cilities was  conducted  by  immigrants 
from  Egypt  or  Palestine  whose  posi- 
tion to  a large  extent  depended  upon 
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their  ability  to  supervise  English- 
speaking  employees  in  the  task  that 
required  the  mastery  of  English.  The 
Arabic  compiler  would  have  elimi- 
nated the  leverage  exercised  by  the 
associate  manager  over  a variety  of 
management-level  positions. 

Nevertheless,  ibm  International 
agreed  that  there  was  a great  deal  of 
merit  to  the  idea  of  supplying  some 
sort  of  translation  mechanism  such 
as  a tree-structured  dictionary  or  en- 
cyclopedia for  the  purpose  of  guid- 
ing the  perplexed  Arab  programmer 
through  the  intricacies  of  semantic 
pitfalls  which  systems-oriented  lan- 
guage offered.  While  clearly  not  an 
optimal  solution,  producing  the  ref- 
erence dictionary  would  have  been 
of  some  use  to  the  region.  But  then 
another  obstacle  arose  quite  unex- 
pectedly from  the  so-called  French- 
speaking  Arab  world. 

The  French-speaking  Arab  world 
by  extension  is  the  area  of  North 
Africa  in  which  French  is  spoken  and 
with  a somewhat  greater  fluency  than 
English  is  spoken  in  the  Middle  East. 
It  turned  out  however  that  the  French- 
speaking  Arab  world  also  used  ibm 
equipment  and  pl/i.  Within  the  rela- 
tively large  supply  of  French-speak- 
ing technically  trained  Arabs,  those 
who  speak  English  occupy  again  a 
more  favorable  position  and  their  ob- 
jections to  any  tampering  with  the 
status  quo  was  indeed  fast  and  vehe- 
ment. The  strenuous  resistance  by 
the  Paris  office  of  International  ibm 
scuttled  the  project  altogether.  And 
there  the  battle  rests. 

The  inanity  of  this  situation  is  by 
no  means  limited  to  the  Arabs.  In 
1972  while  attending  to  a similar 
need  of  the  Israelis,  I suggested  that 
although  Israeli  programmers  were 
more  fluent  in  English  than  their 
Arab  counterparts,  they  too  could 
have  profited  by  a Hebrew  prepro- 
cessor and  translation  of  diagnostic 
messages  to  their  mother  tongue. 
Again,  the  objection  was  no  less  ve- 
hement among  the  Israelis  than  it 
had  been  among  their  Arab  counter- 
parts. In  fact,  the  wording  of  argu- 
ments against  the  proposal  reflected 
similar  feelings  among  Arabs  and  Is- 
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IT  HAD 
TO  HAPPEN! 

The  Byte  Shop 
comes  to  the  Big 
Apple.  Come  and 
celebrate  the  Grand 
Opening  of  our  new- 
est affordable  com- 
puter store. 

GRAND  OPENING 
SPECIALS  AT  BOTH 
LOCATIONS 


THE 

BYTE  SHOP 

comes  to  the 

BIG  APPLE 




BYTE  SHOP  EAST,  INC. 


27-21  HEMPSTEAD  TURNPIKE 
LEVITTOWN, 

LONG  ISLAND,  NY  11756 
(516)  731-8116 

^T-F  12-9  SAT:  10-5 


1 30  E.  40TH  ST. 

(corner  of  Lexington  Ave.) 

NEW  YORK,  NY  10016 
(212)  889-4204 

T-F:  1 1-7  SAT:  10-5  J 
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ADELCO  ELECTRONICS  COMPANY 


VOLTAGE  REGULATORS 
TO220  Package 
Positive  $1 .00  Negative 

7805 

7806 
7808 
7812 
7815 

RECTIFIERS 
2 Amp  50  Volt  20  for  $1 .00 
2 Amp  200  Volt  18  for  1.00 
2 Amp  400  Volt  16  for  1.00 
2 Amp  600  Volt  14  for  1.00 
2 Amp  800  Volt  12  for  1.00 
2 Amp  1 000  Volt  1 0 for  1 .00 
2 Amp  1500  Volt  5 for  1.00 


10  Amp  Stud  50  Volt  .45 
10  Amp  Stud  600  Volt  1.15 
40  Amp  Stud  50  Volt  1 .20 
40  Amp  Stud  750  Volt  1 .95 


BRIDGE  RECTIFIERS 
2 Amp  50  Volt  T05 
2 Amp  200  Volt  T05 

2 Amp  600  Volt  T05 

3 Amp  50  Volt 
3 Amp  400  Volt 
25  Amp  200  Volt 
25  Amp  600  Volt 
25  Amp  1000  Volt 


FETS 

40673  1.55 

MPF102  .55 

2N3819  .35 

2N5457  .50 

2N5458  .50 

2N5459  .55 

2N5485  .50 

2N5486  .72 

Oarlingtons 

MPSA13(SPS5700)  .80 

MPSA  14  .90 

2N5306  .50 

SCRs 

Cl  06A  4 Amp  1 00  Volt  .55 

C106B4  Amp  200  Volt  .65 

C122B8  Amp  200  Volt  .85 

MISC.  IC's 

LM304H  1 .00 

LM307N  .45 


.35 

.50 

1.25 

.50 

1.10 

1.50 

2.50 

5.50 


$1.25 

7905 

7908 

7912 

7915 

7918 


LM307V 

.90 

LM308H 

1.00 

LM309H 

1.10 

LM309K 

1.10 

LM311 

.90 

LM312H 

.65 

LM312CJ 

.65 

LM380 

1.45 

LM710 

.60 

LM711 

.40 

LM723N 

.55 

LM723H 

.55 

LM741CJ 

.25 

CA3028 

1.50 

CA3041  (LM3900) 

.55 

Crystal  Time  Base  Kit  4.95 

Blinkey  Flasher  Kit  2.95 

CLOCK  CHIPS 

5313  3.49 

5314  3.99 

5316  3.99 

5375  3.99 

CT7001  6.95 


THE  COSMAC  V I P KIT  INTRODUCES  A 
NEW  WORLD  OF  COMPUTER  FUN  FOR 
JUST  $275.00 

The  COSMAC  VIP  is  an  elegant  computer. 
Compact.  Clean.  Uncluttered.  Yet  Powerful. 
AND  the  whole  idea  behind  it  is  fun. 


DIODES 

1N34 

1N60 

1N64 

1N82A 

1N270 


10  for  1.00 
10  for  1.00 
10  for  1.00 
.40 
.30 


SPEAKERS 

2"  8 Ohm  Round  .65 

2-1/4"  8 Ohm  Round  .75 

2-1/2"  8 Ohm  Round  1.00 

2-1 12"  100  Ohm  Round  1 .25 
add  10^  per  Speaker  shipping 
ALDELCO  KITS 


Power  Supply  Kit  of  Parts  with 
with  Instructions 
5 Volt  6 Amp  $17.50 

+15  & -15  Volts  16.95 


Variable  P.S.  Kits 
5 to  15  Volts  600  M A 6.95 
1 2 to  20  Volts  600  M A 6.95 
Includes  PC  Board  & Instructions 
Digital  Clock 

12  Hour  Alarm.  0.6  LED  Display 
Elapised  Timer.  Snooze  Feature 
with  110  Volt  Power  Supply 
19.95 

12/24  Hour  Clock  Kit  six  0.5 
Display  LEDs  18.95 


WOOD  GRAIN  CABINET 
$4.95 


RCA  felt  that  a hobbyist  computer  should 
be  low  cost,  easy  to  use,  versatile,  expanda- 
ble, and,  as  soon  as  it  is  assembled,  some- 
thing the  whole  family  could  enjoy  — from 
the  most  serious  hobbyist  to  the  younger 
school-aged  members  of  the  family.  The 
COSMAC  VIP  is  that  kind  of  computer. 

EASY  TO  OPERATE 
If  you  think  operating  a hobby  computer 
has  to  be  difficult,  the  COSMAC  VIP  will 
change  that.  Even  without  previous  comput- 
er experience,  you  can  master  its  operating 
procedures  in  a single  evening.  That’s  be- 
cause the  COSMAC  VIP’s  versatile  operating 
system,  built  into  a ROM,  makes  it  easy  to; 

• Load  programs  into  RAM  from  the  hex 
keyboard 

• Record  contents  of  RAM  on  tape  cassettes. 

• Transfer  tape-recorded  programs  into  RAM. 

• Display  memory  bytes  in  hex  on  CRT. 

• Step  through  RAM  contents. 

• Examine  microprocessor  registers. 

COSMAC  VIP  by  RCA  ($2.00  Shipping)  $275.00 
PROFESSIONAL  KEY  BOARD  KIT 

Model  753  ASCII  Keyboard  features  53 
keys,  popular  ASR-33  format.  Rugged  G-10 
PCB.  Tri-mode  MOS  encoding,  two  key  roll- 
over, MOS/DTL/TTL  Compatible  outputs. 

Upper  case  lockout.  Data  and  Strobe  inver- 
sion option.  Low  contact  bounce,  selectable 
parity  & More. 

Model  753K  (Kit)  $59.95 

Model  753  (Assembled)  71.25 

ORDERS  UNDER  $10.00  ADD  $1 .00.  ADD 
5%  SHIPPING.  OUT  OF  USA,  CANADA  & 
MEXICO  ADD  15%  SHIPPING  AND  CER- 
TIFIED CHECK  OR  MONEY  ORDER  IN 
USA  FUNDS. 


BABYLON  TURNPIKE,  MERRICK  NY  11566 
516  378-4555 
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INSTANT  REPLAY 


raelis.  (So  striking  was  the  similarity 
of  arguments  that  for  a mad  moment 
I suspected  a secret  cabal  between 
Israeli  and  Arab  programmers— and 
for  all  I know  there  might  be  one.) 

Since  those  days  I have  run  into 
the  same  or  similar  attitudes  on  other 
occasions.  The  last  time  was  during  a 
meeting  sponsored  b^  the  Interna- 
tional Atomic  Energy  Agency  which 
brought  together  radiation  therapists 
and  computer  experts  from  South 
American  and  Asian  countries.  Ra- 
diation therapy  has  profited  immea- 
surably from  the  computer-produced 
radiation-treatment  plans  and  there 
are  a number  of  systems  which  will 
permit  near-optimal  plans  to  be  de- 
vised in  interactive  procedures. 
Using  any  of  these  systems  unfortu- 
nately depends  upon  a thorough 
knowledge  of  English.  Again  the 
problem  in  developing  countries  ap- 
pears to  be  the  shortage  of  technically 
trained  English-speaking  personnel 
who  may  be  spared  from  other  com- 
puting tasks  to  work  with  the  radia- 
tion therapists  on  treatment  planning 
problems.  My  suggestion  of  provid- 
ing interpreters  for  the  various  pack- 
ages that  would  enable  them  to  be 
’manipulated  in  the  native  tongue  of 
the  technicans  turned  out  to  be  as 
welcome  as  a case  of  the  yaws.  While 
hardware  systems  especially  put  to- 
gether to  permit  radiation  treatment 
planning  are  now  being  installed  the 
world  over,  accompanying  software 
consistently  uses  English,  leading  to 
an  increasing  competition  for  the  al- 
ready short  supply  of  English-speak- 
ing technicians  the  world  over.  This 


may  all  be  to  the  good  of  the  English- 
speaking  part  of  the  globe  but  what 
benefits  accrue  from  this  to  the  rest 
of  mankind? 

I was  very  surprised  that  the  dis- 
cussion summarized  by  E.  Robertson 
[1]  of  the  panel  on  “Computers  in 
Developing  Nations”  does  not  even 
touch  upon  the  crucial  problem  of 
translating  software  into  ncls  (Na- 
tive Compatible  Languages).  This  is 
not  to  say  that  software  in  “native” 

“The  problem  in 
developing  countries 
is  the  shortage  of 
technically  trained 
En^sh-speakin^ 
personnel...” 

languages  will  open  new  channels  for 
better  planning  and  allocation  of 
scarce  resources  among  Third  World 
countries.  But  it  will  help  upgrade  a 
large  number  of  their  citizens  and 
gives  them  access  to  an  important 
new  technology. 

There  is  yet  one  more  implication 
of  this  same  language  issue  which  re- 
lates to  us,  here,  in  our  highly  devel- 
oped technical  society.  Are  we  not 
also  to  some  extent  victimized  by  the 
same  forces  that  prevent  the  imple- 
mentation of  more  useful  compilers 
in  underdeveloped  nations?  Fortran 
and  Cobol  have  maintained  an  iron 


grip  on  programming  in  Canada,  the 
United  Kingdom,  and  the  United 
States,  even  though,  for  all  practical 
purposes,  pl/i  is  a much  easier  lan- 
guage to  learn,  to  use,  and  in  which 
to  develop  software.  We  find  Fortran 
taught  to  half  the  students  in  busi- 
ness schools  on  the  North  American 
continent  and  the  teaching  of  Fortran 
in  general,  with  the  almost  natural 
way  of  teaching  bad  programming 
habits,  is  deeply  ingrained  in  many 
otherwise  foresighted  and  topnotch 
universities.  Why  did  naturally  mod- 
ular PL/i  not  take  hold  more  quickly? 
Why  is  the  use  of  pl/i  resisted  by 
programmers  and  management  alike? 
Also  why  do  programmers,  who 
“speak”  pl/i,  again  resist  the  intro- 
duction of  specialized  or  general  lan- 
guages more  suitable  to  their  tasks? 
To  what  extent  are  the  motivations 
similar  for  faculty  in  a business  school 
or  in  a chemistry  department  who 
will  fiercely  defend  a Fortran  terri- 
tory and  require  their  students  to 
learn  a language  which  is  poorly 
suited  for  character  and  string  ma- 
nipulations? 

However,  this  cautionary  tale  is 
about  developing  (or  what  we  used 
to  call  underdeveloped)  countries, 
and  surely  (?)  no  lessons  from  these 
would  apply  to  us  here.  ||| 

1.  Computers  in  developing  nations.  Comput- 
ers and  Society  7 (1976),  7-9. 


Reprinted  from  Communications  of 
the  ACM,  Theodor  D.  Sterling,  Simon 
Fraser  University,  Burnaby,  B.C., 
Canada.  Volume  20,  No.  12.  Decem- 
ber, 1977. 


DataMini 


introducing  LOS-T'^''^  (legal  office  system-1)  MOS-1™  (medical 
office  systems-1)  DOS-1™ 


(dental  office  systems-1)  series.  Designed  especially  for  the 
small  to  medium  professional  office,  they  are,  in-house  hard- 
ware/software systems  that  perform  the  time-keeping  and 
accounting  functions.  Simple  enough  to  be  operated  by  your 
secretary;  sophisticated  enough  to  keep  track  of  your  inter- 
action with  clients.  Interested?  Write  or  call  — 


DataMini 


SYSTEMS  CORP. 

199  East  58th  St.,  N.Y.C.,  NY  10022, 
800-824-5120  xA-208  In  CA:  800-852-7711 
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16K  RAM 

FULLY  STATIC 

$450 


INTRODUCTORY 
KIT  PRICE 


DEALER  INQUIRIES  INVITED 


10  SLOT  TABLE  TOP 
MICROCOMPUTERS 
TT-8080  KIT  $475 

SYSTEM  W/16K  & I/O 
TT-8080-S  KIT  $1125 

CARD  CAGE  & 
MOTHER  BOARD 
ECT-100  KIT  $100 

WITH  CONNECTORS 
& GUIDES 

ECT-100-F  KIT  $200 

CPU’S,  MEMORY 
MOTHER  BOARDS 
PROTOTYPING  BOARDS 
EXTENDER  CARDS 
POWER  SUPPLIES 


SHIPPING  EXTRA 


ELECTRONIC  CONTROL  TECHNOLOGY 

P.O.  BOX  6,  UNION,  NEW  JERSEY  07083 
(201)  686-8080 
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IT'S  A GREAT  BIG  COMPUTER  WORL 
But  You  Only  Need 

THE  COMPUnR  CORNER 


• SOL  — A New  Dawn  is  Here! 

• IMSAI  8080 

• POLY  - 88 
•TDL  Z-80 

• Memories  & I/O  Boards 

• Computer  Book  Service 

• Magnetic  Tapes  Er  Disks 

• Full  Line  of  Magazines 

• Brain  Games  £r  Puzzles 

• Workshops  & Club  Information 

Visit  THE  COMPUTER  CORNER  for  ail  yo 
computer  needs.  Stop  in  and  browse  — you'll  like  o 
personal  service. 

THE  COMPUTER  CORNER 

White  Plains  Mall  — Upper  Level 
200  Hamilton  Avenue 
White  Plains,  New  York  10601 

Tel:  (914)  WHY -DATA 

Ample  Parking 
10-6  Dally  &■  Saturday 


^ ' y iv-w  k/oiiy  %90iUTU0y 

, 10-9Thuraday 


CIRCLE  34 


INQUIRE  TODAY!! 

We  Ship  From  Stock 

Business  Systems  Are  Here  Now! 

COST  EFFECTIVE  HARDWARE  • PERIPHERALS 
•SOFTWARE 

Call  our  Mr.  Amunson 

Informative  assistance  in  defining  your  objectives  and  choices. 

For  Engineers  and  Serious  Hobbyists 

BREADBOARDING  • WIRE  WRAP  • DESIGN 
EQUIPMENT  • TEST  EQUIPMENT  • COMPO- 
NENT PARTS  • POWER  SUPPLIES 

• AP  Products  • OK  Machine  • Iso-Tip  • B&K 

PRECISION  • CONTINENTAL  SPECIALTIES 
• NON-LINEAR  SYSTEMS  • PANVISE 


• VECTOR 


Our  25th  Year 


ATLAS  ELECTRONICS  CORP 

1570  3rd  AVE.  (88th  St.)  NEW  YORK,  N.Y.  10028 
212-427-4040 

Send  $1  for  complete  set  of  catalogs  (refunded  on  1st  purchase) 

ship  nationwide  & overseas 


Ben  CCXmjTEHS 


THE 

TECHNICO 

SUPER  STARTER 
SYSTEM 
AND 

SUPER  SYSTEM  16 

v.s. 

THE  HEATH  H-11 

SAVE  OVER  $1000 
SEND  FOR  FREE  BROCHURE 
TECHNICO  1-S00-638-2893 

9130  RED  BRANCH  RD.  COLUMBIA,  MD  21045 
DEALER  INQUIRIES  INVITED 
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Test 


'''fien  you’ve  written  o 

Jf  It  works.  When  the  r it;  type  Rim 

: 5=-s£===£=“ 

can  be  millTa^  ‘>“y'n  right:  ,J,'  c„' 

P^ece  of  paper  n f ^^ck  its  answers  hv  i ^^^puter's 

‘^'■Cer.  MaZ  'f'''  ‘■-swTrs  are  on  a 

something  you  inl°'£™®''''™  s'®  worjcs  £’'“‘"’0“'. 

mission,  find  that  input. 


Debu^  with  dignity 


If  you  write  your  own  program 
and  run  it,  chances  are  it  won’t 

\x/nrV  Vniir  fircf  renetinn  xxtill  i 


and  run  it,  chances  are  it  won  t 
work.  Your  first  reaction  will  be 
to  blame  the  machine;  don’t!  The 

ic  QQ  TRof  fV»£3 


to  blame  me  machine;  don  t! 
probability  is  99.99%  that  the 
fault  is  yours.  Your  program  con 
tains  errors.  A programming  er- 
ror is  called  a bug.  Y our  next 


or 


Beware  oi  ‘ 'wares 

^ ier  center  needs  four 

-.„areana^— r 

:S:  -r’ 

Printwd^'^ 

the  comp^^'ter.  f tRp 

. ■'““/“tnltelallcostmon- 

erff  someone  offers  to  sell  you 

7-  Lplete  computer  system 

L„a,-c  the  price  may  mclude 


task  is  to  debug  the  program, 
which  means  getting  the  bugs  out. 

Bugs  are  common;  top-notch 
programmers  make  errors  all  the 
time.  If  you  write  a program  that 
works  perfectly  on  the  first  run 
and  doesn’t  need  debugging,  it’s 
called  a gold-star  program,  and 
means  you  should  have  tried 
writing  a harder  one  instead ! 


^omc  think  ^ 


beware;  the  price  may  incluc 

iust  the  hardware.  Ask 

much  software,  prlntware  an 


brainware  are  in 


Some  think  a “rn  ,. 

But  don’t  be  fooleTb^a^slicrsal  Processing  u 

whether  the  price  also  includts 
emory  input/output  devices  ^“xilia 

ators,  off-line  equipment  and  interf  Power  re^ 

man  says,  “Yeah,  sure,”  check  n o n'"''  ^^les^ 

rv  of  each.  'uto  the  quality  and  quanti 

cheaper,  ifs  hari  to  pu,  toletbe^  ’'‘"’“s"  " k"  's 

wn’t  follow  the  Wiring  rfta  “rrectly:  either  you 
electricity  in  your  S “™ctly,  or  the  stahO 

apill  a drop  of  solder  a„d“Le  a'a""”  ” you’ll 

'vih  contain  a defective  ry  ^ circuit,  or  the  kit 
that  for  every  ten  computer^S^that?'  lobbyists  estimate 
still  aren’t  working.  been  sold,  nine 
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.vatnvoeis 


Too  tievet 


fin- 


an 


frO  '“"  Perfect  , 

’’f '!  hol  ’f  * tt 

chess,  now  -^tvvout  cnt.a 

bilious.  moi-«J«  you 

wvoui lWf“'''"^e 

needle  is ' 

is  sv^^a^T 


'Are  numbers  good  or  bad? 

Counlin,  ,be  woS  'Ste' " “ "“>'  <»  ' 


-a*e. 


Escape  our  culture 


To  create  above-average  computer  art,  write  a weird  pro- 
gram whose  consequences  you  don’t  fully  understand,  make 
the  computer  obey  it,  and  look  at  the  computer’s  drawing. 
If  the  drawing  looks  nice,  keep  it  and  call  it  “art”  — re- 
gardless of  whether  the  drawing  was  what  you  intended. 
Maybe  it  resulted  from  an  error,  but  who  cares,  so  long  as 
it  looks  interesting?  Anything  interesting  is  art.  If  the  draw- 
ing “has  potential”  but  is  somehow  unsatisfactory,  change 
a few  lines  — or  run  the  program  again  unchanged  and  hope 
the  random  numbers  will  fall  differently.  The  last  thing  to 
invent  is  the  title.  Whatever  the  drawing  reminds  you  of 
can  be  the  title. 

That  method  may  seem  a long  way  from  da  Vinci,  but 
it’s  how  most  computer  art  is  created.  The  rationale?  Don’t 
over-plan;  let  the  computer  “do  its  own  thing”;  it  will  give 
you  art  that  escapes  the  bonds  of  human  culture  and  re- 
veals the  unknown. 


Brother” 

„ ;f  the  computer  doesn’t 

Even  if  the  co  f about 

^e°er’y  action  is  being  recorded 

hrnts  because  it  mabes  you  act 
e conscreatively.  Von  may 
fear  adopting  a 8°°* 


Grime  tvins  . 


more 

rSsTJS.-, 

bybanks,credit^ardco 

insurance  companies,  ai 
conservative  i^^s^itutions. 

What’s  harmful  IS 

Brother  is  watching, 

/ed  he’s  watching.  You  are  si 

jugated. 


fe^ence,  even 

be  ac 

« Hot  ‘^What 


iJi- 


^°h’vedonei» 

S;— 


a ^®ac- 


rather, 

ciicl  you 


sssfs^as* 

basto 


Will  computers  unemploy  us? 

When  computers  do  our  work,  will  enough  work  remain  to 
keep  us  busy?  Don’t  worry:  when  no  work  is  necessary,  we 
humans  have  an  amazing  talent  for  inventing  it.  That’s  the 
purpose  of  Madison  Avenue  — to  create  new  longings.  In- 
stead of  significantly  shortening  the  work  week,  we’ve  al- 
ways opted  for  a work  week  of  nearly  equal  length  but  de- 
voted to  more  luxurious  ends.  That’s  the  gung-ho  Protestant 
work  ethic  we’re  so  famous  for. 

In  the  long  run,  computers  will  change  our  work  without 
reducing  it.  But  for  the  next  decade  or  two,  as  society  shifts 
to  computers,  many  of  us  will  temporarily  lose  our  jobs. 


Reprinted  from  1 he  Secret  Guide  to  Computers.  I'our  volume  ^iiide,  $1  1 .50.  Russ  Walter 
92  St,  Btjtolph  St.,  Boston,  MA  021  16 


CLASSIFIEDS 


Science  Writing 
Degree  Program 
at  Boston  University 

Involving  the  study  of  matter  and 
energy  on  the  most  fundamental  level, 
the  laws  of  physics  underlie  all  sciences 
and  form  the  basis  of  the  technology 
that  Is  part  of  our  daily  lives.  Any  per- 
son who  wishes  to  understand  the 
world  and  the  culture  in  which  we  live 
has  to  have  some  understanding  of 
physics.  For  this  purpose,  Boston  Uni- 
versity's Department  of  Physics  has 
always  offered  a range  of  general  inter- 
est courses.  Our  program  has  tradition- 
ally been  a fine  undergraduate  pre- 
lude to  a wide  variety  of  careers  in 
computer  science,  law,  medicine,  ecol- 
ogy, the  environment,  publishing,  busi- 
ness, engineering  and  research.  Now, 
starting  in  September,  the  Physics  De- 
partment has  added  a new  aspect: 
how  to  write  about  these  diverse  sub- 
jects. The  new  program  presents  stu- 
dents with  the  background  required  to 
understand  different  developments  In 
the  different  fields  of  science  and  how 
to  communicate  effectively  about 
them  via  print  or  electronic  media. 

The  five-year  combined  B.S./M.S.  pro- 
gram is  open  to  freshmen  or  to  trans- 
fer students  who  have  completed  two 
years  In  physics  or  science  at  a recog- 
nized university.  For  more  information, 
circle  number  99  on  the  reader  service 
card  or  direct  your  inquiry  to: 

Professor  George  Zimmerman 
Department  of  Physics 
Boston  University 
111  Cummington  Street 
Boston,  M A 02215 


SOL  or  NORTH  STAR 
OWNERS! 

VDM-GAMES  (require  SOLOS  or 
CUTER): 

Real  time  ROBOTS  and  ASTEROIDI 
PKGV1  (2  games)  - 1200  BAUD  CUTS 
tape  - $20 

NORTH  STAR  BASIC  GAMES:  ROAD- 
RACE,  4DTICTAC,  ENENWINS, 
BIORYTHM,  SUPRWUMP! 

PKGN1  (5  games)  - on  DISKETTE  - $1 5 

MICRO  LOGISTICS 
P.O.  Box  922 
Madison  Square  Station 
New  York,  New  York  10010 
N.  Y.  res.  ADD  8%  Sales  Tax 


MICROCOMPUTER 

SYSTEMS 

• TROUBLESHOOTING 
MANUAL 

• DIGITAL  GATE 
DECODE  CHART 

BOTH  $5.00  MICRO-INFO  ASSOC 
BOX  849  CASTROVILLE, 

CA  95012 

California  residents  add  6%  tax. 


PET  OWNERS 

Home  computing  has  arrived.  To  help 
you  get  started  with  a little  fun  thrown 
in,  try  one  of  our  cassettes.  Games-1 
contains  Blackjack,  Craps,  plus  6 more 
you  will  thoroughly  enjoy.  Startrek 
(Captain  the  Enterprise).  And  to  keep 
your  pet  warm  when  you  are  away, 
a PET  cover. 

GAMES-1  $15.50 

STARTREK  $15.50 

PET  COVER  $13.75 

plus  $.75  shipping  and  handling.  Send 
check  payable  to: 

S.J.  WHITE 
429  So.  Cordova  St. 
Alhambra,  Calif.  91801 


WANTED 

COMPUTER  RETAIL  STORE  MANAGER 

For  major  new  Southbay  Calif,  area 
store.  Applicant  must  have  experience 
major  micro  systems  as  well  as  a sales 
personality.  Please  reply  — 

J.  Sadlier 

14013  Old  Harbor  Lane 
Marina  del  Rey,  CA 
90291 


Master’s  Program 
in  Science 
Communication 

Graduates  of  this  program  qualify  for 
positions  as: 

□ reporters,  writers  and  editors  for 
computer,  scientific,  engineering,  tech- 
nical or  business  magazines  or  journals. 

□ science  editors  and  writers  for  news- 
papers and  publishing  houses. 

□ communication  specialists  or  admin- 
istrators for  information  programs  in 
science-based  or  research-oriented 
agencies. 

□ scientific  liaison  officers  for  tech- 
nology assessment  or  trend  monitoring 
In  research  and  development 

□ public  relations  specialists  and  ad- 
visors for  information  campaigns  deal- 
ing with  scientific  subjects. 

□ managers  for  professional  society 
seminars,  conferences  and  university 
continuing  education  programs  in 
science  and  technology. 

For  further  information: 

KAREN  KNOPE 

SCHOOLOF  PUBLIC  COMMUNICATION 
BOSTON  UNIVERSITY 
640  COMMONWEALTH  AVENUE 
BOSTON,  MASSACHUSETTS  02215 


Personal  Computing  Classified  Rates 

Individual:  $1  per  word;  address  set  free;  first  two  words  set  in  all  capital  letters  for  free.  If  you  want  bold  type, 
add  $1  for  each  word  set  bold.  Add  $5  if  you  want  replies  sent  to  us  and  forwarded  to  you. 

Company:  IX:  $60/inch;  3X:  $55/inch;  6X:  $50/inch.  Display  ads  accepted  only  if  camera-ready  materials  submit- 
ted. Agency  commission  paid  on  camera-ready  ads  and  after  the  first  insertion  of  a publisher-set  ad  if  subsequent 
insertions  run  without  changes.  Publisher  sets  ads  in  format  and  attempts  to  fit  copy  into  space  requested. 

Advertisement  accepted,  however,  with  understanding  that  space  may  be  larger  than  requested.  Minimum  billing 
size  one  inch;  ads  billed  in  half-inch  increments  thereafter.  Frequency  rate  applies  to  publisher-set  ads  only  if  they 
run  without  changes  in  subsequent  issues. 

To  place  an  ad,  send  copy  to  Classified  Ad  Dept,  Personal  Computing,  1050  Commonwealth  Ave.,  Boston,  MA  02215 


Is  your  career  growing 
as  fast  as  ours? 


1973  1974  1975  1976  1977 

(1977  Fiscal  Year) 


1973  1974  1975  1976  1977 

‘Adjusted  to  reflect  a 3-for-1  stock  split  effected  in  the 
form  of  a 200%  stock  dividend  declared  in  February  1973. 


New  Products  Elngineers 
(Analog  and  Digital) 

Your  responsibilities  will  in- 
clude new  product  introduction 
of  state-of-the-art  processors, 
peripherals  and  controllers  to 
our  Systems  Integration  Divi- 
sion. A BSEE  degree  or  the 
equivalent  is  required  with  a 
minimum  of  3 or  more  years  of 
related  experience. 

Diagnostic  Programmers 

You  will  design,  code  and 
debug  assembler  language 
programs  for  fault  isolation,  to 
the  chip  level.  In  digital  sys- 
tems. You  will  also  write  func- 
tional level  system  exercisers 
for  stand-alone  and  disc-based 
real-time  operating  systems. 

A technical  degree  or  the  equiv- 
alent experience  is  needed, 
together  with  a thorough  under- 
standing of  digital  system 
hardware.  Hardware  trouble- 
shooting experience  and  3 or 
more  years’  programming 
experience,  preferably  In 
diagnostics  Is  very  desirable, 
especially  with  strong  assembly 
language  skills. 


To  apply  for  one  of  the 
above  positions  mail  your 
resume  to  Tom  Aldrich. 


Test  Engineers 

You  will  be  responsible  for 
PCB  test  engineering  support 
for  digital  products  such  as 
CPU  ’s,  memories  and  options. 
Experience  is  required  in 
solving  engineering  problems 
as  they  relate  to  test  equipment, 
diagnostics,  test  philosophy 
and  component  fault  isolation. 
You  will  also  initiate  and  imple- 
ment improvements  to  the 
testing  process  and  equipment, 
and  provide  coordination  for 
the  introduction  of  new  prod- 
ucts into  production.  A BSEE 
degree  and  two  or  more  years’ 
experience  in  PCB  test  or 
Test  Equipment  Design. 

Manufacturing 

Elngineers 

You  will  be  responsible  for 
providing  floor  support  in  the 
PCB  assembly  area.  A BSME, 
BSIE  or  the  equivalent  with 
3 years’  experience  In  Manufac- 
turing Engineering  is  required. 
A knowledge  of  auto-insertion 
equipment  assembly  technique 
and  soldering  equipment  is 
helpful. 


To  apply  for  one  of  the 
above  positions  mail  your 
resume  to  Rene  Santini. 


Senior  Systems 
Technicians 

This  position  requires  at 
least  3 years’  experience,  mini- 
mum, and  an  ASEE  degree  or 
Its  equivalent.  Your  background 
should  Include  familiarity  with 
CPU  memory,  moving  head 
disks  and  related  peripherals. 


Special  Systems 
Technicians 

You  will  be  working  closely 
with  the  Special  Systems  Engi- 
neering Department  in  the 
design  of  non-standard  com- 
puter products.  A minimum  of 
3 years’  experience  and  an 
ASEE  degree  or  Its  equivalent 
is  necessary. 


To  apply  for  one  of  the 
above  positions  mail  your 
resume  to  John  Prendergast. 


Data  General  Corporation, 
Route  9,  Southboro,  MA 
01772.  Data  General  is  an 
equal  opportunity  employer, 
M/F. 


IrDataGeneral 
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ADVERTISERS’ 

INDEX 


own  jour 
wrn  %line 

Our  editors  are  always  looking  for  papers 
or  feature  articles  of  interest  to  com- 
puter hobbyists. 

If  you  have  a manuscript  to  submit  for 
publication,  send  it  to  Jeff  Spirer,  Per- 
sonal Computing,  1050  Commonwealth 
Ave.,  Boston,  MA  02215.  You'll  get  a 
prompt  reply,  and  if  we  accept  your  ar- 
ticle, exposure  to  over  40,000  of  your 
colleagues. 

If  writing  is  not  your  forte  and  you  have 
something  of  interest  for  our  readers, 
why  not  let  us  work  with  you  in  organiz- 
ing your  material  for  publication. 

just  drop  a note  to  the 
editor  or  call 
(617)232-5470 


A Aldelco 89 

Artec 6 

Atlas  Electronics 91 

B Byte  Shop  East 89 

Byte  Shop  #32 35 

C Caldwell  Computer 88 

Cambridge  University  Press 85 

Computer  Corner 91 

Computer  Data  Systems 17, 18,  19,  20,  P.C. 

Computer  Enterprises 62 

Computer  Factory 2 

Computer  Mart  of  CA C-2 

Computer  Mart  of  NJ 85 

Computer  Store  of  NY 85 

D DataMini  Systems 90 

DC  Hayes 10 

E Electronic  Control  Technology 91 

H Hayden  Book  Company 29 

I ICOM 4,5 

IMMM 43 

Information  Terminals C-4 

M MECA 34 

Micro  Computer  Devices 1 

Micro  Force 78 

Micropolis 8,  9 

Minicomputer  News C-3 

N Netronics 88 

O OK  Machine  «&  Tool 79 

P PAIA  Electronics 85 

R Ramsey  Electronics 86 

S Schenkman  Publishing 80 

Scientific  Research 77 

Space  Byte 64,  65,  P.C. 

T Technico 91 

W John  Wiley  & Sons 33 


SALES  OFFICES 

Northeast:  George  Palken,  1050  Commonwealth  Ave., 
Boston,  MA  02215;  (617)  232-5470  • Mid- Atlantic: 
Arthur  Daks,  Benwill  Publishing  Corp.,  299  Madison  Ave., 
N.Y.,  N.Y.  10017;  (212)  661-0360  • Mid-West:  Ralph 
Petersen,  1 Wheaton  Ctr.  No.  1706,  Wheaton,  IL  60187; 
(3 12)  653-2480  •Southeast:  Harold  Short,  Parker  & Short,  1 
Lakeside  Office  Park,  Wakefield, MA  01880;  (617)  246-2293 
• West:  Yuri  Spiro  Sc  Carol  Stagg,  823  Enchanted  Way, 
Pacific  Palisades,  CA  90272;  (213)  454-0624  • Japan:  Hiro 
H.  Irie,  International  Business  Corp.,  11-8,  Narita-Higashi 
1-chome,  Suginami-KU,  Tokyo  166;  Phone:  (03)311-1746. 


If  you’re  a top  or  middle  manager  who  knows  little  about  minicomputers 
and  the  problems  they  can  help  you  solve,  then  you’re  just  the  person  we  can  help. 

Twice  a month  — in  easy-to-read,  easy-to-understand  articles  — 
you’ll  discover  how  your  colleagues  in  business,  industry  and  science 

use  — or  sometimes  abandon  — minicomputer  solutions  to  problems. 

You  may  be  able  to  apply  their  solutions  directly  to  your  problems, 

use  their  solutions  to  spark  your  own  ideas 
or  you  may  develop  solutions  whoily  your  own. 

No  other  publication  gives  you  as  much  know-how  about  minicomputers 

and  how  they  help  solve  business  problems  as  MINICOMPUTER  NEWS  — 

and  all  for  Just  $6.00/year. 

Just  fill  in  the  coupon  below  and  we’ll  start  helping  you  right  away. 

Minkxmqniter  News 

The  only  newspaper  that  gives 
real  coverage  to  this  rapidly 
growing  market 


MinicoiiqniterMews 


1050  Commonwealth  Ave.,  Boston,  MA  02215 


RATES 


1 yr.  2 yrs.  3 yr». 


U.S.  $6  $12  $15 

Canada  & Mexico  $12  $22  $27 

Other  foreign  — 

Surface  $37  $67  $77 

Air  $57  $97  $117 


Name 

Com  pan  y_ 

Address 

City 


-Title. 


-Zip- 


Outside  U.S.A.:  Country  Name. 


-State. 


.Zip- 


I buy/specify  (circle  all  that  apply) 

1.  Minicomputers 

2.  Small  business  systems 

3.  Intelligent  terminals 

4.  Microcomputers/processors 

5.  Add-on  memories 

6.  Disk/tape  drives 

7.  Printers/plotters 

8.  Interactive  terminals  (CRT/hardcopy) 

9.  Punched  tape/card/OCR  equipment 

10.  Modems/multiplexers 

11.  Software/support  services 

12.  Word  processors 

13.  Work  stations/enclosures/secured  systems 

14.  OP  supplies 


My  business/industry  (circle  one): 

1.  Finance/lnsurance/real  estate 

2.  Wholesale/retail  trade 

3.  Industrial/consumer  products  mfr. 

4.  Utilities/communications/transport 

5.  EDP  services 

6.  Health  care/education/law 

7.  Printing/publishing/word  processing 

8.  Petroleum/chemical/mining/construction 

9.  Government/military 

10.  Minicomputer/peripheral  manufacturer 

11.  Turnkey  systems/software 

12.  Consulting  (EDP) 

13.  Research 


My  job  function/title  (circle  one): 

1.  General/corporate  management 

2.  Financial  management 

3.  DP  management 

4.  Engineering  management 

5.  Marketing  management 

6.  Systems/applications  eng. 

7.  Consultant 

8.  Purchasing/procurement 

9.  Sales/distribution 


NOTE:  The  information  in  the  buy/use,  business/industry  and  function/title  columns  is  needed  for  statistical  purposes  so 
that  we  know  who  our  readers  are  and  what  products  Interest  them. 

2/2  To  order  your  subscription,  clip  this  coupon  and  mail  it  with  your  check  or  money  order: 


You  want  to  record  your  message  verbatim— word  for  whole  Now,  Verbatinn  media.  It's  a new  formulation  of  ferric 


You  want  to  record  your  message  verbatim— word  for 
word— whether  it’s  bits,  bytes  or  “Dear  Folks”  trans' 
lated  into  word  processor  language. 

Our  objective  in  manufacturing  recording  media  for 
the  electronics  industry— digital  tape  cassettes,  floppy 
disks,  mag  cards,  computer  cartridges— is  to  give  you  the  finest, 
the  best,  the  most  dependable,  the  most  cost-effective. 

That  means  rugged,  long-lived,  abrasion-resistant  recording  media 
with  superior  magnetic  qualities.  If  we  made  tires,  they’d  be  steel- 
belted  radials. 

We  delivered  our  first  digital  grade  certified  tape  cassettes  back  in 
the  beginning,  1969.  We  made  the  first  commercial  3740-com- 
patible floppy  disks  that  didn't  bear  IBM’s  name.  And  the  first 
Flippy^  reversible  flexible  disks  with  anyone  s name  on  them.  The 
first  mini  data  cassette  is  ours.  And  we’ve  got  the  newest  minia- 
ture flexible  disk,  the  MD  525. 


Now,  Verbatim  media.  It’s  a new  formulation  of  ferric 
O oxides,  an  advanced  macromolecular  binder  system 

^ to  adhere  it  to  the  tough  polyester  film,  and  a proc- 

IS  Gualitv.  ess  control  system  that  demands  over  200  separate 
7 quality  checks  before  the  material  is  cut,  packaged, 
and  certified  to  be  100%  error-free. 

The  final  quality  check?  “Make  it  pretty!”  Our  production  people 
tell  us  that  magnetic  recording  media  is  one  of  the  rare  instances  in 
manufacturing  where  aesthetic  appearance  translates  directly  into 
final  product  quality.  It  has  to  look  beautiful  to  work  beautifully. 
We  have  the  formulas,  the  machines,  the  technology  to  make  high 
quality  recording  media.  But  it  takes  the  best  people  in  the  indus- 
try to  deliver  Verbatim  disks,  cards,  cartridges  and  cassettes. 
You'll  find  them  at  your  favorite  retail  computer  store. 


Information  Terminals  Corp. 

Sunnwale,  California 


